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ABSTRACT 
Objective: The aim of this in-vitro study is to assess the effect of cyclic loading fatigue 
on failure load of CAD/CAM cement-retained implant crowns and screw-retained 
implant crowns with screw access holes sealed with composite or Enamic inlay.  
Materials and methods: For the screw-retained implant crowns, Ivoclar e.max and Vita 
Enamic CAD/CAM (n=44 for each material) and Enamic inlays (n=44) were designed 
using Sirona in-Lab software system (SW4 4.2.5) and milled using CEREC in-Lab MC 
XL. All the prepared e.max and Enamic crowns were cemented to Sirona TiBase (B O 
4.1 L) using Ivoclar hybrid multilink cement. The access holes were sealed either by 
using composite or and Enamic inlay (n=22 for each group).  For cement-retained 
implant crowns, Ivoclar e.max, Vita Enamic, and Vita Mark II CAD/CAM (n=20 for 
each material) and Enamic and Zirconia abutments (n=40 for each group) were designed 
using Sirona in-Lab software system (SW4 4.2.5) and milled using CEREC in-Lab MC 
XL. All the prepared zirconia and Enamic abutments were cemented to Sirona TiBase (B 
iv 
O 4.1 L) using Ivoclar hybrid multilink cement. Then, all prepared Ivoclar e.max, Vita 
Enamic, and Vita Mark II crowns were cemented to the abutments using Multilink 
Automix cement. After cementation, 10-12 specimens from each group (both screw and 
cement-retained) were subjected to a static load to failure test in a universal mechanical 
testing machine (Instron 5566A). The mean failure load for each group was calculated. 
The other 10 specimens for each group were subjected to cyclic loading fatigue under 
40% of static failure load for 50,000 and 100,000 cycles. After cyclic loading, the 
surviving specimens were tested for static failure load. The comparison of failure load 
between tested groups was analyzed by one-way ANOVA using JMP Pro 13 with 
α=0.05. 
Results: For IPS e-max CAD screw-retained implant crowns, there was a significant 
difference in the failure load at static and after cyclic fatigue for 50,000 cycles, but no 
significant difference between static and after cyclic fatigue for 100,000 cycles. Failure 
load of IPS e.max CAD crowns at static, after cyclic fatigue 50,000 cycles, and 100,000 
cycles was 3131.7N, 3686.0 N, and 3342.3 N, respectively. For Vita Enamic crowns, 
there was no significant difference in the failure load at static and after cyclic fatigue for 
50,000 cycles and 100,000 cycles. Failure load of Vita Enamic crowns at static, after 
cyclic fatigue 50,000 cycles, and 100,000 cycles was 2325.1 N, 2309.2 N and 2144.4 N, 
respectively. There was a significant difference in the failure load between screw-retained 
implant crowns sealed with composite and those sealed with Enamic inlay. The mean 
failure load of the screw-retained implant crown sealed with composite was 2925.7 N 
while those sealed with Enamic inlay was 2731.1 N.  
v 
For IPS e-max CAD /Zr abutment and Vita Mark II/ Enamic abutment cement-retained 
implant crowns, there was a significant difference in the failure load at static and after 
cyclic fatigue for 100,000 cycles. Failure load of IPS e.max CAD/ Zr abutment at static 
and after cyclic fatigue 100,000 cycles was 2727.1 N and 2051.8 N, respectively. Failure 
load of Vita Mark II/ Enamic abutment at static and  after cyclic fatigue 100,000 cycles 
was 1633.5 N and 903.2 N, respectively. For Vita Enamic /Zr abutment cement-retained 
implant crowns, there was no significant difference in the failure load at static and after 
cyclic fatigue for 100,000 cycles. Failure load  of Vita Enamic /Zr abutment at static and 
after cyclic fatigue 100,000 cycles was 1366.8 N and 1495.9 N, respectively.  
Conclusion: The screw-retained implant crowns sealed with composite had higher failure 
load than those sealed with Enamic inlay. The cyclic fatigue has an effect on IPS e.max 
CAD screw-retained implant crowns,  IPS e-max CAD /Zr abutment and Vita Mark II/ 
Enamic abutment cement-retained implant crowns.  The cyclic fatigue has no effect on 
Vita Enamic screw-retained implant crowns and Vita Enamic/ Zr abutment cement-
retained implant crowns.  
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CHAPTER 1. INTRODUCTION 
For centuries, clinicians struggled to find the solution for the problems associated 
with maxillofacial bone loss. Many dreamed of replacing the missing teeth with 
something that looked like the natural teeth.1 With the revolution of dental implants, the 
dream came true. The dental implant is “a plastic or metal anchor that is inserted into a 
jawbone to provide permanent support for a crown, fixed bridge, or denture when the 
bone itself would provide insufficient support. About 8 weeks after a tooth or teeth are 
removed, the anchor is screwed into a hole that has been drilled into the jaw. New bone is 
allowed to grow around and fuse with the anchor for up to 6 months before the crown, 
bridge, or denture is attached.” 2 The dental implant consists mainly of three parts: 
Implant body or fixture, implant abutment, and the prosthesis (crown, bridge,  
or denture). 1 
As research advances in implant design, materials, and techniques, the application 
of dental implants has become more widespread, and many types of dental implants and 
their restorations are now available for use in different clinical problems3  
One of the most challenging situations for the dental practitioner is to meet patient 
expectations regarding good implant integration, good mechanical properties and 
excellent esthetic appearance 4 
Implant dentistry has developed from experimental method to a routine treatment 
option for rehabilitation of edentulous and partially edentulous patients. Current surgical 
and restorative techniques have been extensively researched and tested with excellent 
functional and esthetic results. 5 When restoring a dental implant, several factors should 
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be taken into consideration; Biocompatibility, Function (e.g. occlusion), esthetic, chair 
time, ease and cost of manufacturing, long term maintenance, fewer complications, and 
patient satisfaction.6  
Computer-Assisted Design and Computer-Assisted Manufacturing (CAD/CAM) 
have been gaining increased use in implant dentistry over the past 10 years. Improvement 
in CAD/CAM technology has started to challenge the methods of fabricating implant 
restorations, and abutments using conventional techniques. 7 
This significant development in CAD/CAM technology makes laboratory and 
clinical procedures for restoring patients’ dentitions with dental implants short. Using the 
CAD/CAM technology allows professionals to design, fabricate and perform long 
laboratory procedures for custom abutments and ceramic crowns in one day. 8 
To restore a single dental implant in edentulous area, screw retained or cement 
retained implant crowns can be used. Four-years prospective clinical study conducted on 
12 patients stated “no evidence of different behavior of the peri-implant marginal bone, 
and of peri-implant soft tissue when cemented or screw-retained single tooth implant 
restoration were provided for this patient population”.9 This study suggested that the 
choice of screw-retained or cement-retained implant restoration is not based on clinical 
results but seemed to be on clinician’s preference. 9 
Some authors suggest the use of cement-retained restorations while others suggest 
using screw-retained restorations are the best.  Both cement–retained and screw-retained 
restorations have advantages and disadvantages.  
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The cement-retained restorations offer many advantages; good esthetic because of 
absence of the occlusal access; easier access to the posterior area of the mouth; reduce the 
cost; reduce the complexity of the component, and the laboratory procedures; reduce 
chair-side time. 10 11 Moreover, the cement layer compensates for dimensional 
discrepancies between the abutment, and the restoration, and works as shock absorber 
and uniformly transferring loads to implant-restoration-bone complex.10 However, the 
main disadvantage of the cement-retained restorations is not possible for retrievability for 
oral hygiene, peri-implant tissue checking, and caring or replacement of prosthetic 
component. Also, after cementation, failing to remove the excess cement can result in 
peri-implant inflammations. 10 
A screw-retained restorations main advantages is retrievability that makes it 
possible to maintain and replace the implant and the restoration. Also, it  makes the 
evaluation of oral hygiene and checking of peri-implant tissue probing simple.  
Cementing implant crowns to the titanium bases in the laboratory (outside oral cavity) 
reduces gingival and per-implant inflammation caused by residual cement remaining in 
difficult accessible areas.  Also, cementation in a laboratory environment (dry conditions, 
surface activation) improves bonding stability and reduces inflammation. 12  
Another advantage of screw retained restorations is the ability to be used in areas with 
limited inter-arch space . 10 However, screw-retained restorations are susceptible to 
mechanical complications such as screw loosing, and fracture; replacing the screw is very 
expensive due to the cost of the component; the presence of the access hole interferes 
with the occlusal morphology, and esthetics. 10 
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Although the choice of cement retained or screw retained implant restorations has 
a major effect on the success of the implant restorations, the selection of the suitable 
crown material essentially contributes to long-term success. 12 Therefore, the use of 
brittle materials may cause several complications such as fracture or chipping because the 
implant crowns are susceptible to more occlusal overloading than tooth-supported crowns 
due to the absence of the periodontal ligament and the tactile sensitivity. 12   
Several factors have an effect on the mechanical properties and fracture resistance 
of crown materials in vitro; the fabrication technique, the final surface finish of the 
crowns, the crown/luting agent interface. In addition, application of salinizing agent and 
adhesive luting resins cement improve the mechanical properties of the restorations 
compared to non-adhesive cementation. Clinical studies showed that the fracture rate of 
ceramic restorations cemented with resin-based luting agents is lower than those 
cemented with zinc phosphate or conventional glass-ionomer cements. 13 
Mechanical fatigue is one of the important factors that need to be taken into 
consideration when the fracture strength of ceramic crowns is testing.  Intraorally, 
mastication forces cause cracks that originate from material flaws and propagate through 
the ceramic material.   Also, the wet environment accelerates the degradation of dental 
ceramics because of the corrosion at the grain boundaries. Therefore, in-vitro cyclic 
fatigue test of the ceramic materials should be carried in an aqueous solution. 3 
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CHAPTER 2. LITERATURE REVIEW 
2.1 Screw-Retained vs Cement-Retained Implant Restorations 
In 2014, Sherif,  et. al. conducted a systematic review for dental literature from 
1966 through 2007 to compare between cement- and screw-retained implant restorations 
survival and success rate. They were looking for major and minor outcome variables. 
Major outcome variable, that require replacement, was loss of implant or crown.
 4
Minor 
outcome variables, that didn’t require replacement, were screw loosening, cement failure 
and porcelain fractures.
 
After searching the database for articles fitting the inclusion 
criteria, they extracted these conclusions: the major outcome failure rate for the cement-
retained group and the screw-retained group was 0.81 and 0.87 over a projected 100 
years, respectively 4.  These results were not statistically significant between the two 
groups.4
 
The minor outcomes failure rate was 3.66 screw loosening, 2.54 de-
cementations, and 0.46 porcelain fractures per 100 years. Again, these results were not 
statistically significant.
 
This systematic review concluded that both cement- and screw-
retained groups are equally suitable for restoring patients who are partially edentulous. 
Clinicians can use both type of restorations, both are clinically acceptable. 4
  
Another systemic review was done by Wittneben and Millen (2014) to assess the 
survival and complications of screw-retained and cement-retained implant dental 
prosthesis from 2000-2012. The results that were extracted from 73 articles showed the 
five-year survival rate of 96.03% and 95.55% were calculated for cement-retained and 
screw-retained prosthesis. All ceramic materials showed a higher failure rate than 
porcelain-fused to metal crown in cement-retained prosthesis but not when compared to 
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screw-retained restorations. This review concludes no statistical difference was found 
between cement- and screw-retained prosthesis for survival or failure rates. Fewer 
technical and biologic complications were seen in screw-retained prosthesis. 14 
Sailer, et. al. (2012) conducted a systemic review to evaluate the 5-year survival 
rates and complication occurrences of cemented and screw-retained implant restorations. 
They searched the database to identify randomized controlled clinical trials, prospective 
and retrospective studies of cemented and screw-retained single-unit and multiple-unit 
implant restorations with a minimal follow-up of at least 1 year. Data were obtained from 
59 clinical studies. For cemented and screw-retained single crowns the estimated 5-year 
survival was 96.5 and 89.3%, respectively.  For cemented and screw-retained partial 
fixed dental prostheses (FDPs) the survival was 96.9% and 98%, respectively. The 
technical complications after 5-years were 11.9% at cemented single crowns and 24.4% 
at screw-retained crowns. For the partial FDPs, the technical complications after 5-years 
were 24.5% for cemented partial FDPs and 22.1% for screw-retained. Whereas the 
biological complications like marginal bone loss (>2 mm) occurred more frequently at 
cemented crowns than for screw-retained ones. This systemic review concludes none of 
the techniques was obviously advantageous over the other.  Cement-retained prosthesis 
showed more biological complications while the screw-retained showed more technical 
complications. It also concludes the screw-retained is preferable than cement-retained 
because of it is retrievable and you can easily treated complications.15 
Vigolo, et. al. did a ten-years randomized controlled trial to compare the long-
term clinical outcome of cemented and screw-retained implant-supported single-tooth 
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crowns. Eighteen patients with 2 nearly identical bilateral sites were treated with a 
cement-retained implant restoration in one site and a screw-retained implant restoration 
in the other site. After ten years, the results showed cumulative survival rate was 93.7% 
and no complications occurred.  The marginal bone loss, as measured radiographically, 
was 1.1 ± 0.2 mm for both cemented and screw-retained implant-supported single-tooth 
crowns. No change in the soft tissue around both type of prosthesis. The conclusion of 
this randomized trial was no significance difference between cemented and screw-
retained implant-supported single-tooth crowns in term of marginal bone loss and soft 
tissue.16  
Another long-term study (up to 15 years) was done by Nissan, et. al. (2011) to 
compare the long-term outcomes and complications of cemented and screw-retained 
implant-supported fixed partial denture (two or three unit restoration).  Cemented and 
screw-retained implant-supported FPD were randomly assigned to patients with bilateral 
posterior edentulism using split-mouth design. After about 15 years of follow up, the 
results showed ceramic fracture and abutment screw loosening were happened more in 
screw-retained FPD than for cement- retained FPD. Their conclusion was the cemented-
retained restorations were superior, biologically and technically, to the screw-retained 
ones. 17 
 
2.2 CAD/CAM Implant Restorations 
Kapos and Evan (2014) did a systemic review to compare the CAD/CAM 
fabricated implant restorations (crowns, abutments, frameworks) to the conventionally 
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fabricated ones in term of esthetics, complications, patient satisfaction, and economic 
factors. The data were extracted from 18 articles using PubMed and Ovid search engine. 
These data showed the mean survival rate for CAD/CAM crowns was 98.85%, and for 
CAD/CAM abutments was 100%.  While the mean survival rate for CAD/CAM 
frameworks was 95.98%. This systemic review showed no difference in the survival rates 
of CAD/CAM fabricated restorations and conventionally fabricated ones.7  
Another systemic review in 2009 was carried out by Harder and Kern to evaluate 
the outcomes and complications of CAD/CAM fabricated implant prosthesis compared 
with the conventionally fabricating ones. PubMed search showed that only 4 studies were 
conducted on CAD/CAM implant supported restorations. The results of these studies 
revealed that the cumulative five-years survival rate of implant supported FPD was 81.45 
%-95.6% and of implant supported single crowns was 100%. The yearly failure load of 
fracture or chipping of veneer layer was 3.61 for implant supported FPD and 0.43 for 
implant supported single crowns. This review concluded the comparison between 
CAD/CAM fabricating implant prosthesis and conventionally fabricating ones was 
difficult to achieve because of the lack of the clinical studies reporting on CAD/CAM 
fabricated implant restorations. 18 
Fuster-Torres, et. al. (2009) studied the uses of CAD/CAM systems in implant 
dentistry. They were focusing on implant abutment and surgical guide fabrications. Fifty-
nine articles were obtained using Medline and Scopus databases. Their conclusion was 
that use of CAD/CAM allowed the production of high quality crowns, abutments, and 
surgical templates. 19 
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2.3 Ceramic CAD/CAM Materials 
In the present study, the following CAD/CAM materials were used; Lithium 
disilicate (IPS e.max CAD), polymer-infiltered ceramic (Vita Enamic), feldspathic 
ceramic (Vita MarkII), and zirconium oxide ceramic ( inCoris ZI meso).  
IPS e.max CAD (lithium disilicate) is classified as glass ceramics. Glass-ceramics 
are “composite-type materials in which the glassy phase acts as the matrix and the 
ceramic as the reinforcing filler’’. 20 21 They are introduced first in 2006 (Ivoclare 
Vivdent) and they are manufactured in process based on so called pressure casting. They 
are supplied in pre-crystallized phase (Blue state) that contains metasilicate and lithium 
disilicate nuclei and shows flexure strength of 130 MPa. After being crystallized in 
specific oven, the metasilicate is dissolved, lithium silicate crystallizes, and ceramic is 
glazed at same time. After this heat treatment, their flexure strength increases to 350-450 
MPa. 22  
 Vita Enamic is classified as polymer-infiltered ceramics (PICN) that consist of 
two interlocking phases, a porous sintered feldspathic ceramic and an infiltrating 
polymer. 23 In this material, ceramic particles are partially sintered and infiltered with low 
viscosity polymer by process that so-called capillary action. The infiltered ceramic shows 
higher flexure strength than fully sintered ceramic and polymer. This material shows 
crack bridging caused by ductile polymer property that improves its strength and 
toughness.24    
Vita Mark II is classified as feldspathic ceramic that are” fabricated using fine 
grain powders that produce nearly pore-free ceramic with fine crystal”.25  This material 
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mades of conventional feldspathic ceramic but is fabricated with different process known 
as extrusion molding;  “A plasticized ceramic mixture is pressed and extruded through a 
nozzle to give its form”. 22 Its flexure strength is about 100-160 MPa when glazed.22  
inCoris ZI meso is classified as zirconium oxide ceramic. Zirconia is polymorphic 
ceramic and it has three crystallographic forms; monoclinic (M) from room temperature 
to 1170 °C, tetragonal (T) from 1170°C to 2370 °C, and cubic from 2370 °C to melting 
temperature.  This material has high fracture toughness 9-10 MPa m-1 and high flexure 
strength 900-1200 MPa. 22 
Alberto, et.al. (2015) examined  the mechanical properties of Polymer-infiltered 
ceramic (Vita Enmaic) and compared with the other ceramic materials (Mark II and IPS 
e.max CAD). They found that for IPS e.max CAD, the fracture load, strength, and 
hardness are 440 N, 271.6 MPa, and 5.83GPa, respectively.  For Vita Enamic, the 
fracture load, strength, and hardness are 250 N, 180,9 MPa, and 1,70 GPa, respectively.  
For Vita Mark II, the fracture load, strength, and hardness are 220 N, 137,8 MPa, and 
3,46 GPa, respectively. 26   
Guazzato, et.al. (2002) studied the mechanical property of In-ceram zirconia. 
They found the Young’s modulus and hardness of In-ceram zirconia  are 242 GPa and 
10GPa, respectively. 27  
 
2.4 Fracture Resistance and Fatigue of CAD/CAM Implant Restoration 
Sotto-Maior, et. al. (2018) conducted an in vitro study to assess the fracture 
resistance, after thermal and mechanical cyclic fatigue, of feldspathic (Cerec Blocs), 
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lithium disilicate( e.max CAD), and resin-modified (Lava Ultimate) CAD/CAM 
monolithic crowns that were cemented onto universal abutments. They found the least 
resistant group (1755 ± 124 N) was resin-modified group followed by the feldspathic 
(2147 ± 412 N). The highest resistance group was lithium disilicate groups (2804 ± 303 
N). This in vitro study concluded that although the three tested materials have different 
mechanical properties, they all can withstand the masticatory force of posterior area. All 
tested materials can be used as monolithic implant supported molar crowns.28 
Kaweewongprasert, et. al. (2018) evaluated fatigue failure load of lithium 
disilicate restorations that cemented on a titanium base. The lithium disilicate (LD) 
restorations were divided into three groups: LD crowns cemented on custom-made 
titanium abutment, LD crowns cemented on a titanium bases, and LD crowns bonded to 
LD customized anatomic structures and then cemented onto a chairside titanium base. All 
the crowns were fatigued for 30,000 cycles at load 400N-1400N. The results showed 
lithium disilicate restorations that cemented on a titanium bases had higher fatigue failure 
load and more number of cycle for failure. 29 
Dogan, et. al. (2017) examined the fracture resistance of three CAD/CAM 
ceramic materials after thermocycling that mimic 5 years of clinical use. The three 
CAD/CAM ceramic materials were lithium disilicate glass (IPS e.max CAD), feldspathic 
glass ceramic (Vita Mark II), and resin nano‐ceramic (Lava Ultimate). The results 
showed lithium disilicate glass (IPS e.max CAD) had the highest fracture resistance 
followed by resin nano‐ceramic (Lava Ultimate) then feldspathic glass ceramic (Vita 
Mark II). 30  
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Another study done by Stona, et. al. (2015) to study the fracture resistance of 
three CAD/CAM ceramic material crowns (IPS e.max CAD, CEREC VITABLOCS 
Mark II, IPS Empress CAD) that cemented to solid abutments. The tested crowns were 
cyclic fatigue for 1,000,0000 cycle fatigue loading at 100 Newton. The results showed 
CEREC VITABLOCS Mark II had lowest fracture resistance than IPS e.max CAD and 
IPS Empress CAD. There was not any statistical difference between IPS e.max CAD and 
IPS Empress CAD.8 
In 2013, Kim, et. al. did in vitro study to compare the fracture load of monolithic 
lithium disilicate and two types of veneered Zirconia (hand layer, heat press). All the 
specimens were subjected to compressive load at Instron machine until the specimens 
were fractured. The data showed heat pressed Zirconia had highest fracture load followed 
by monolithic lithium disilicate and then hand layered Zirconia.31 
 
2.5 Importance of the study 
As far as we know, there are no published in vivo or in vitro studies about 
CAD/CAM screw-retained implant crowns, where screw access hole sealed with 
composite or Enamic inlay. 
 This in-vitro study will present a novel concept to compare between CAD/CAM 
screw-retained implant crowns, where access hole sealed with composite or Enamic inlay 
by assessing their failure load at static and after cyclic fatigue. 
Also, there is no published studies comparing between Vita Enamic and Zirconia 
CAD/CAM implant abutments.  
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This in-vitro study will present a novel concept to compare between Vita Enamic 
and Zirconia CAD/CAM implant abutments by assessing their failure load at static and 
after cyclic fatigue.  
 
2.5 Objectives of the Study 
The aims of this study are as following:  
1. To determine the static failure load of screw-retained and cement-retained 
CAD/CAM implant crowns.   
2. To evaluate the effect of cyclic fatigue on the failure load of screw-retained and 
cement-retained CAD/CAM implant crowns.   
3. To analyze the failure mode of screw-retained and cement-retained CAD/CAM 
implant crowns.   
4. To compare failure of  screw-retained implant crowns, where the screw access 
hole is sealed with composite and those where the screw access hole is sealed 
with Enamic inlay.  
5. To compare failure of Zirconia CAD/CAM implant abutments and Enamic 
CAD/CAM implant abutments. 
6. To determine the fracture toughness of IPS e-max CAD before and after cyclic 
fatigue.  
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2.6 Null hypothesis (H0) 
1. There is no difference in failure load between IPS e-max CAD screw-retained implant 
crowns and Vita Enamic screw-retained implant crowns. 
2. There is no difference in failure mode between IPS e-max CAD screw-retained implant 
crowns and Vita Enamic screw-retained implant crowns. 
3. There is no difference in failure load between screw-retained implant crowns sealed 
with composite and those sealed with an Enamic inlay. 
4. There is no difference in failure load of screw-retained implant crowns after cyclic 
fatigue versus at static loading. 
5. There is no difference in failure load of cement-retained implant crowns after cyclic 
fatigue versus at static loading .  
6. There is no difference in failure load between zirconia abutments and Enamic 
abutments.  
7. There is no difference in fracture toughness of IPS e-max CAD before and after cyclic 
fatigue. 
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CHAPTER 3. MATERIALS AND METHODS  
3.1 Materials 
3.1.1 List of Materials 
1. IPS e.max CAD LT A1/ A 16 (L), Ivoclar Vivadent. Schaan, Liechtenstein. Lot # 
U30752, U41312, U53317.  
2. IPS e.max CAD LT A2/C 14, Ivoclar Vivadent. Schaan, Liechtenstein. Lot # U42549, 
W30041.   
3. Vita Enamic IS Implant Solutions, Vita Zahnfabrik. Bad Säckingen, Germany. Lot # 
46000, 46500, 55400, 56090, 57220, 57860, 59841, 65291, 65310, 65750, 65770, 
66260. 
4. Vita Enamic Universal, Vita Zahnfabrik. Bad Säckingen, Germany. Lot # 42910, 
43260, 43261,43181, 46320, 49420, 50920, 52440, 59382. 
5. inCoris ZI meso F2 L, Dentsply-Sirona. Bensheim, Germany. Lot # 2015518099, 
2015467597, 2016058418, 2017162467, 2017263153. 
6. Vita Mark II CEREC Blocs. Dentsply-Sirona. Bensheim, Germany. Lot # CE0124.  
7. Filtek Bulk Fill, 3M ESPE. Neuss-Germany. Lot # 618871. 
8. Multilink Hybrid Abutment, Ivoclar Vivadent. Schaan, Liechtenstein. Lot # W13705 
9. Multilink Automix Next Generation, Ivoclar Vivadent. Schaan, Liechtenstein. Lot 
#V27329. 
10. IPS Ceramic Etching Gel (5% hydrofluoric acid), Ivoclar Vivadent. Schaan, 
Liechtenstein. Lot # W07091. 
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11. Monobond Plus - One Component Universal Restorative Primer. Ivoclar Vivadent. 
Schaan, Liechtenstein. Lot # V12120. 
12. Scotchbond Universal Adhesive, 3M ESPE. Neuss-Germany. Lot # 620314.  
13. TiBase (Ti6Al4V, medical grade 5, ASTM 136), B.O 4.1 L, Dentsply-Sirona. 
Bensheim, Germany. Lot # 2009397463, 2010249214, 2010289680, 2015170001, 
201533001, 2015510001, 2016150001, 2016160001, 2016190001, 2016220001, 
2016420001,2017080001, 2017260001,2017330001,2017460001. 
 
3.1.2 List of Equipment 
1. Bluephase Light 16i (LED Light). Ivoclar Vivadent. Schaan, Liechtenstein. 
2. High-speed air-driven turbo handpiece, Henry Schein Master. Japan. A2161412.  
3. Revolution Micro Motor, NEY Dental International. Japan. A1132.  
4. CEREC inLab software system (SW4 4.2.5). Sirona. Bensheim, Germany.   
5. CEREC MC XL milling machine. Dentsply-Sirona. Bensheim, Germany. 
6. InLab MC XL milling machine. Dentsply-Sirona. Bensheim, Germany. 
7. CEREC MC X milling machine. Dentsply-Sirona. Bensheim, Germany. 
8. Programat CS Ceramic Furnace. Ivoclar Vivadent. Schaan, Liechtenstein. 
9. High-temperature sintering furnace, VITA® Zyrcomat T. Bad Säckingen, Germany. 
10. In-Ceram Ultarsonic, Vitasonic. Vita Zahnfabrik. Bad Säckingen, Germany. 
11. Instron Universal Testing Machine, Instron 5566A. Norwood, MA. 
12. The cyclic fatigue “master” apparatus, Model CF5M. Pober Industries CO.  
Waban,MA.             
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13. Field Emission Scanning Electron Microscope (FESEM), Hitachi SU6600. Hitachi 
High Tech, Japan, and Energy Dispersive Spectrometer (EDS) Oxford Instrument, 
UK. 
14. Hummer Sputter Coater. Technics Inc, Alexandra, VA 
15. Microhardness Tester, MicroMet™ 2003. Buehler Ltd, Lake Bluff, IL. 
16. Blade cutting machine, IsoMet™ 5000 Linear Precision Saw. Buehler Ltd, Lake 
Bluff, IL. 
17. Polishing Machine, Ecomet 250/Automet 250. Buehler Ltd, Lake Bluff, IL. 
 
3.1.3. Miscellaneous 
1. Extra- Oral Porcelain Polishing, Brasseler USA. K0201. 
2. Vita Enamic Polishing Set Technical kit, Vita Zahnfabrik. Bad Säckingen, Germany, 
Lot # E55580, 59920. 
3. Luster Twist Polisher Kit for Silicate Ceramic. Meisinger. Neuss-Germany. GCO1.  
4. Luster Twist Polisher Kit for Poly Ceramic. Meisinger.  Neuss-Germany.  GCO5. 
5. Diamond Twist SCL Polishing Paste, Premier. USA. Lot # 25574. 
6. HY-Brite Polish, Dental Ventures of America Inc. USA. 
7. Hi-Purity Alumina suspension paste (0.3µm), Precision Surfaces International, Inc. 
Houston, TX. 
8. Final Finish Polish Cloth, PSA back. 8”X NH. Precision Surfaces International, Inc. 
Houston, TX. 
9. Diamond Cutting Blade. 8”. Precision Surfaces International, Inc. Houston, TX. 
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10. Vita Firing Tray G, Vita Zahnfabrik. Bad Säckingen, Germany.Lot # A61-208.  
11. IPS Object Fix Putty, Auxiliary Firing Paste, Ivoclar Vivadent. Schaan,     
12. Aluminum specimen holder (12.7 mm diameter, 19 mm long) with a central coaxial 
threaded hole (#0-80) to accommodate a screw to attach Tibase/Crown. Pober 
Industries CO., Waban, MA.  
13. Hardened 440C stainless steel ball 1/4 inch (6.4 mm). 9529K1, Mcmaster-Carr, 
Robbinsville, NJ. 
14. Steam cleaner, Shark. China. SC630. 
 
1. IPS e.max CAD, Ivoclar Vivadent: IPS e.max CAD is a lithium disilicate glass-
ceramic block for the CAD/CAM machinery.. 32The blocks are partially crystallized, their 
color ranges from whitish to blue and bluish- grey 33 
                                
 
 
 
 
 
 
  
 
 
  
 
   Figure 2: IPS e.max CAD LT A1/ A 16 (L)         Figure 1: IPS e.max CAD LT A2/ C 14
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2. Vita Enamic IS and Universal, Vita Zahnfabrik: Vita Enamic Blocks are the first 
polymer-interpenetrating phase ceramic material in the dental world. In this dental 
material, a ceramic network (fine-structure feldspar ceramic) is reinforced by a polymer 
network.  The material ratio of ceramic to polymer is 86% to 14% by weight. 34  Enamic 
has a dentine like elasticity property. In addition to this property, this hybrid ceramic 
material shows exceptionally high load capacity after adhesive bonding.    
 
 
 
 
        
 
 
           Figure 5: Vita Enamic Universal Blocks          Figure 4: Vita Enamic IS Implant Blocks
F.         Figure 3: IPS e.max CAD, Ivoclar Vivadent 
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3. inCoris ZI meso F2 L, Dentsply-Sirona: inCoris ZI meso ceramic is composed of 
zirconium oxide. Its delivered partially sintered for easy milling. 35 After sintering it will 
gain the required properties including precise dimensions, density, strength, and shade. 
inCoris meso-structure along with TiBase make up a two-piece abutment which is used in 
conjunction with dental implants to reestablish function and aesthetics in the oral 
cavity.35 
 
 
 
 
 
 
 
 
 
    Figure 6: Vita Enamic Universal, Vita Zahnfabrik  
Figure 7: inCoris ZI meso F2 L Block Figure 8: inCoris ZI meso F2 L, Dentsply-
Sirona 
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4. Vita Mark II CEREC Blocs. Dentsply-Sirona: The Vita Mark II blocs are made of a 
monochromatic, fine-structure feldspar ceramic material. It is available in aesthetic tooth-
colored shades that match the shades and translucency of natural teeth. It is appropriate 
for CAD/CAM fabrication of inlays, onlays, and partial crowns. 34 
 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Vita Mark II CEREC Blocs 
Figure 10: Vita Mark II CEREC Blocs, Dentsply-Sirona    
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5. Multilink Hybrid Abutment, Ivoclar Vivaden: Multilink Hybrid Abutment is a self-
curing luting composite for the permanent cementation of ceramic structures, Lithium 
Disilicate (LS2) or Zirconium Oxide (ZrO2), to titanium/titanium alloy bases in the 
fabrication of hybrid abutment crowns. 34  
 
 
 
 
 
        
6. Multilink Automix Next Generation, Ivoclar Vivadent: Multilink Automix is a self-
curing adhesive system (with optional light-curing) for the permanent cementation of 
indirect restorations made of silicate and oxide ceramics, metal and metal-ceramics as 
well as composites. 36 
                    
                     
            
                     
                                    
 
 
 
Figure 11: Multilink Hybrid Abutment, Ivoclar Vivaden 
Figure 12: Multilink Automix Next Generation, Ivoclar Vivadent 
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3.2 Methods 
This research is divided into five parts: 
 3.2.1. Preparation of Implant Crowns. 
    3.2.1.1 Screw Retained CAD/CAM Implant Crowns. (TiBase + Crown) 
    3.2.1.2 Cemented Retained CAD/CAM Implant Crowns. (TiBase +Abutment+ Crown) 
 3.2.2. Mechanical Test: 
     3.2.2.1 Static Load to Failure Test.  
     3.2.2.2 Load to Failure after Cyclic Fatigue Test.       
3.2.3. Failure Mode Analysis Using Scanning Electron Microscope (SEM). 
3.2.4. Elemental Analysis Using Energy Dispersive Spectroscopy (EDS). 
3.2.5. Fracture Toughness Test. 
 
3.2.1. Preparation of the Implant Crowns 
3.2.1.1 Screw-Retained CAD/CAM Implant Crowns 
1. Design and Milling of the Implant Crowns and the Enamic Inlays: IPS e.max CAD 
LT A1/A 16(L) and Vita Enamic (IS Implant solution) CAD/CAM screw-retained 
implant molar crowns for tooth #14 (n=68/material) were designed by using Sirona inLab 
software system (SW4 4.2.5) using file name “Demo Implant Screw Research” as shown 
in Figures 13-15 and milled by inLab MC XL machine as shown in Figure 16 using the 
following burs, Set 1: Step bur 12S, Cylindrical bur 12S and Set 2: Step bur 12, 
Cylindrical bur 12S.  Milling time was around 19:19 min. 
24 
Vita Enamic (Universal) inlays (n=68) were also designed, after scanning the 
screw access hole, by Sirona inLab software system (SW4 4.2.5) using file name (Inlay) 
as shown in Figures 17-19. Then they were milled by CEREC MC XL machine as shown 
in Figure 20 using the following burs, Set 1: Step bur 20, Cylindrical bur12S and Set 2: 
Step bur12, Cylindrical bur12S. Milling time was around 3:59 min. 
 
 
 
 
 
 
 
 
 
 
 
                                                                         
                  
 
                           
 
 
Figure13: Demo Implant Screw Research 
Figure14: Screw retained crown # 14 in design stage 
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Figure 15: Screw retained crown positioned in the block 
in milling stage 
Figure 16: inLab MC XL Machine for crown milling            
Figure 17: OMNICAM Chairside CAD/CAM 
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Figure 18: Scanning the screw access hole 
Figure 19: Inlay positioned in Vita Enamic block 
in Milling stage 
 
Figure 20: CEREC MC XL Machine for inlay milling 
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  2.Crystallization of IPS e.max CAD Crowns  IPS e.max CAD crowns were fixed on 
Vita Firing Tray G using IPS Object Fix Putty, Auxiliary Firing Paste as shown in Figure 
21.  Then they were crystallized in an Ivoclar Vivadent ceramic furnace Programat CS 
(Figure 22) using program #5 for 31 minutes. After firing cycles were finished, crowns 
were allowed to cool to room temperature. Firing parameters were as following in  
Table. 1. 
                Table 1: Crystallization and Firing Parameters33 
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Figure 22:  Programat CS Ceramic 
                              furnace     
Figure 21: Fixation of IPS e.max CAD 
         crowns on Vita Firing Tray G 
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   3. Finishing and Polishing of The Implant Crowns The sprues on milled crowns were 
smoothed using a high-speed taper diamond bur (881H 014) with high-speed air-driven 
turbo handpiece.   
IPS e.max CAD crowns were polished using Extra- Oral Porcelain Polishing kit 
(Brasseler USA) and dental lab handpiece (Revolution Micro Motor, NEY Dental) as 
shown in Figure 23. First, the crowns were adjusted with Dialite HP coarse blue wheels 
and points. Then, they were pre-polished with Dialite HP medium pink wheels and 
points. Finally, a high-shine was obtained with Dialite HP fine grey wheels and points 
using diamond twist SCL polishing paste.  
The Vita Enamic (Universal) crowns were polished using Vita Enamic Polishing 
Set Technical kit as shown in Figure 24. The pink wheels and points were used for pre-
polishing. The gray wheels and points with HY-Brite polish paste were used for high 
gloss polishing. Figure 25, 26 show Vita Enamic crowns before and after polishing, 
respectively. 
All the polishing was carried out in a horizontal orientation which means the 
direction of the bur at time of polishing was moving from the right side to left side of the 
crown. After the polishing was completed, the crowns were cleaned in water in an 
ultrasonic bath for 3 minutes. 
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Figure 23: Extra- Oral Porcelain Polishing kit 
dental lab, Handpiece and diamond twist SCL 
Figure 24: Vita Enamic Polishing Set Technical kit 
                     And HY-Brite polish paste 
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    4. Cementation of The Crowns to The TiBases 
 A. Preparation of The TiBases The bonding surfaces of the TiBases (Figure 27) were 
sand-blasted with 50 μm aluminum oxide up to 2.0 bar using a Basic Renfert sand-
blasting machine as shown in Figure 28.  Then they were cleaned in water in an 
ultrasonic bath for 3 minutes and dried with an air-syringe. The cleaned TiBases were 
Figure 25: Vita Enamic crowns before polishing 
Figure 26: Vita Enamic crowns after polishing 
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screwed to the aluminum specimen holders and Monobond Plus was applied to the clean 
bonding surface and allowed to react for 60 seconds as shown in Figure 29.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27: Sirona TiBase B O 4.1 L  
Figure 28: Sandblasting (50μm Al2O3) of TiBase. 
Figure 29: Application of Monobond    
                      Plus to TiBase 
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B. Preparation of The Crowns IPS e.max CAD and Vita Enamic (IS Implant Solution) 
crowns were cleaned in water in ultrasonic bath for 3 minutes and dried with air-syringe. 
The bonding surfaces of IPS e.max CAD and Vita Enamic crowns were etched with 5% 
hydrofluoric acid (IPS Ceramic Etching Gel) as shown in Figure 30, for 20 secends and 
60 seconds, respectively. Then, they were rinsed thoroughly under running water and 
dried with air-syringe. Monobond Plus was applied to the clean bonding surfaces and 
allowed to react for 60 seconds as shown in Figure 31. 
 
 
 
                                    
 
 
 
 
 
  
Figure 31: Application of Monobond    
                      Plus to crown 
Figure 30: Application of acid etch    
                  (5% HF) to crown 
33 
 
C. Cementation with Multilink Hybrid Abutment Cement The cleaned and 
conditioned components (TiBases, IPS e.max CAD and Enamic crowns) were laid out 
ready for cementation as in Figure 32. Multilink Hybrid Abutment cement was mixed 
using the auto-mix disposable tubes provided. After discard initial a few drops, a thin 
layer of the mix was applied on the bonding surface of the TiBases as shown in Figure 
33. The crowns were assembled on the TiBases and the correct position of the 
components was checked. The components were pressed tightly for 5 seconds, and the 
excess cement at the screw hole and the components junction was removed using 
Microbrush. Glycerine gel was applied to the cementation junction to prevent the 
formation of oxygen inhibition layer. The gel was left until polymerization is done. The 
Multilink Hybrid Abutment cement is auto-polymerized and set within 7 mintues. After 
the polymerization is done, the gel was rinsed off with water.                                  
                               
  
 
 
 
 
 
 
 
Figure 32: The cleaned and conditioned components 
                were laid out ready for cementation 
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5. Sealing of the Screw Access Hole 
 A. Sealing the screw access hole with composite resin Upon completion of 
cementation, the screw access holes of 34 specimens were sealed by composite resin as 
following: First, a small piece of cotton was placed into the screw access hole and 
Scotchbond adhesive was applied into the hole as in Figure 35 and light cured for 10 
seconds. Then, composite resin was placed into the screw access hole and light cured for 
40 seconds as in Figure 35. Figure 36 shows the crowns sealed with composite and they 
are ready for testing. 
 
                
 
 
 
 
Figure 33: Application of Multilink Hybrid  
                     Abutment Cement 
Figure 34: Application of Scotch bond adhesive  
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B. Sealing the screw access hole with Enamic inlay The screw access holes of the other 
34 specimens were sealed by Enamic inlay. After milling the Enamic inlays, the inlays 
were tried-in using fit checker Advance Blue and adjusted accordingly using high-speed  
 
Figure 35: Application of composite resin 
Figure 36: Screw-retained crowns sealed with  
                           composite resin. 
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taper diamond bur to fit into the screw access hole as in Figures 37 and 38. The length of 
these inlays was adjusted to 3mm.  
These inlays were etched using 5% hydrofluoric acid (IPS Ceramic Etching Gel) 
for 60 seconds as in Figure 39, then they were rinsed thoroughly under running water and 
dried with air-syringe. Monobond plus was applied to these inlays and allowed to react 
for 60 seconds as in Figure 40.  
The screw access holes of both IPS e.max CAD and Enamic crowns were etched 
with 5% hydrofluoric acid (IPS Ceramic Etching Gel) as in Figure 41 for 20 seconds and 
60 seconds, respectively. Then they were rinsed thoroughly under running water and 
dried with air-syringe. 
 A small piece of cotton was placed into the screw access holes, and Monobond 
plus was applied to these screw holes and allowed to react for 60 seconds as in Figure 42.  
A thin layer of Multilink Automix NG cement was applied to the screw access 
holes and the Enamic inlays were seated into the hole as in Figure 43. Excess cement was 
cleaned with a Microbrush. Glycerine gel was applied at cement junction, and cement 
was light cured for 20 seconds to accelerate the polymerization.  
Figure 44 shows the crowns sealed with Enamic inlay and they are ready for 
testing.  
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Figure 37: Screw-retained crown and Enamic   
                                   Inlay.  
Figure 38: Try-in the Inlay using fit checker  
                           Advance Blue 
Figure 39: Application of acid etch (5%HF) 
                           to the Inlay 
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Figure 40: Application of MonoBond Plus 
                      to the Enamic Inlay 
Figure 42: Application of MonoBond Plus  
                            to the crown 
Figure 41: Application of acid etch (5%HF) to the crown 
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Figure 43: Application of Multilink Automix  
                             Cement 
Figure 44: Screw retained crowns sealed by  
                           Enamic Inlay. 
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3.2.1.2 Cement-Retained CAD/CAM Implant Crowns 
     1. Design and Milling of The Implant Abutments and Crowns inCoris ZI F2 L  
     meso  abutments as well as IPS e.max CAD LT A2/ C14 and Vita Enamic Universal 
     CAD/CAM implant molar crowns for tooth #14 (n=40 abutments, n=20 crown/material)  
     were designed by using Sirona inLab software system (SW4 4.2.5) using file name 
     “Demo Implant Screw Research” as in Figures 45-48 and milled by CEREC MC X 
     machine (Figure 49) using the following burs: for inCoris ZI meso abutment, Step bur 
     and Cylindrical bur 20, for IPS e.max CAD and Vita Enamic crowns, Step bur and  
     Cylindrical bur 12S.  Milling times for inCoris ZI meso abutment and the crowns (IPS 
     e.max CAD and Vita Enamic) were around 20:17 minute and 12:22 minute,    
 respectively.   
Vita Enamic IS Implant Solution abutments as well as Vita Mark II CEREC blocs 
CAD/CAM implant molar crowns for tooth #14 (n=20 abutment and crown) were 
designed by using Sirona inLab software system (SW4 4.2.5) using file name “Demo 
Implant Screw Research” and milled by CEREC MC X machine using the following burs 
for both Vita Enamic abutments and Vita Mark II crowns: Step bur and Cylindrical bur 
12S. Milling time for Vita Enamic abutments and Vita Mark II crowns were around 
20:17 minute and 12:22 minute, respectively.      
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Figure 46: Cement retained crown # 14 in design stage 
Figure 47: Abutment positioned in the block in milling stage 
                                
Figure 45: Sirona inLab software system (SW4 4.2.5) 
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2. Crystallization of IPS e.max CAD Crowns and Sintering of inCoris ZI meso 
Abutments  IPS e.max CAD crowns were crystallized as described earlier for screw- 
retained CAD/CAM implant crowns.  
 inCoris ZI meso abutments were sintered in VITA® Zyrcomat T furnace 
(Figure 51) using program # 1 for 4 hours. Figures 50 and 52 show inCoris ZI meso 
Figure 48: Crown positioned in the block in milling stage 
 
                                    
Figure 49: CEREC MC X Milling Machine 
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abutments before and after sintering, respectively. After sintering was finished, 
abutments were allowed to cool to room temperature. Sintering parameters were as 
follows in Table 2: 
                               Table 2: inCoris ZI meso Sintering parameters37 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
Heating Rate 
°C /min 
Holding Temperature 
°C 
Holding Time 
min 
17°C /min 1530°C 120 min 
  Figure 51: VITA® Zyrcomat T furnace 
Figure 50: Pre-Sintered inCoris ZI meso 
Figure 52: Sintered inCoris ZI meso 
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3. Finishing and Polishing of The Implant Crowns The sprues on milled crowns were 
smoothed using a high-speed taper diamond bur (881H 014) with a high-speed air-driven 
turbo handpiece.  
IPS e.max CAD and Vita Mark II crowns were polished using Luster Twist 
Polisher Kit for silicate ceramic (Meisinger) as in Figure 53. First, the crowns were pre-
polished with the pink wheels and blue Twist. Then, the high shine was obtained using 
white wheels and yellow Twist.  
The Enamic crowns were polished using Luster Twist Polisher Kit for poly-
Ceramic (Meisinger) as in Figure 54.  The pink Twists were used for pre-polishing. The 
white Twists and wheels were used for high gloss polishing.  
Figure 55 and 56 show Vita Mark II crowns before and after polishing, 
respectively.  
All the polishing was carried out in a horizontal orientation. After the polishing 
was completed, the crowns were cleaned in water in ultrasonic bath for 3 minute. 
 
  
 
 
 
 
 
Figure 53: Luster Twist Polisher Lab Kit, Meisinger 
                             For Silicate Ceramic 
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Figure 55: Vita Mark II crowns before polishing 
Figure 56: Vita Mark II crowns after polishing 
Figure 54: Luster Twist Polisher Lab Kit, Meisinger 
                             For Poly-Ceramic 
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4. Cementation of Abutments to TiBases 
 A. Preparation of TiBases TiBases were prepared as described earlier for screw 
retained CAD/CAM implant crowns in 3.2.1.1.  
B. Preparation of Abutments The collars of inCoris ZI meso abutments were covered 
with red wax and the inner and outer surfaces were sand-blasted with 50 μm aluminum 
oxide up to 2.0 bar using a Basic Renfert sand-blasting machine as in Figure 57 and 58.  
After sand blasting, wax was removed using a steam cleaner (Shark) and then they were 
cleaned in water in an ultrasonic bath for 3 minute and dried with air-syringe. Monobond 
Plus was applied to the blasted inner surfaces of the inCoris ZI abutments and allowed to 
react for 60 second as in Figure 59. 
 The inner surfaces of Vita Enamic abutments were acid etched with 5% 
hydrofluoric acid (IPS Ceramic Etching Gel) for 60 second as in Figure 60. Then, they 
were rinsed thoroughly under running water and dried with air-syringe. Monobond Plus 
was applied to the clean inner surfaces and allowed to react for 60 second . 
 
                
 
 
 
 
 
 
Figure 57: Sandblating inCoris ZI meso  
                Abutment (inner surface) 
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Figure 60: Application of acid etch (5%HF) 
             to Enamic Abutment (inner surface) 
 
Figure 58: Sandblating inCoris ZI meso  
                Abutment (outer surface) 
 
Figure 59: Application of MonoBond Plus 
                 to Abutment (inner surafce) 
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C. Cementation with Multilink Hybrid Abutment Cement The cleaned and 
conditioned components (TiBases, inCoris ZI meso abutments, and Vita Enamic 
Abutments) were laid out ready for cementation as in Figure 61. A thin layer of Multilink 
Hybrid Abutment cement was mixed using the auto-mix disposable tubes provided and 
applied on the bonding surface of the TiBases as in Figure 62. The abutments were 
assembled on the TiBases and the correct position of the components was checked. The 
components were pressed tightly for 5 seconds, and the excess cement at the screw hole 
and the components junction was removed using a Microbrush. Glycerine gel was 
applied to the cementation junction and the gel was left until polymerization was done. 
The Multilink Hybrid Abutment cement was auto-polymerized within 7 minutes. After 
the polymerization was done, the gel was rinsed off with water.  
 
 
 
 
 
 
 
 
 
 
 
Figure 61: Abutment and TiBase are ready for  
                                 cementation 
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   5. Cementation of The Crowns to The Abutments 
   A. Preparation of The Abutments  InCoris ZI meso abutments were screwed to 
aluminum specimen holders. Monobond Plus was applied to the blasted outer surfaces of 
the inCoris ZI abutments and allowed to react for 60 seconds as in Figure 65. A small 
piece of cotton was placed into the screw access hole. 
 Vita Enamic abutments were screwed to the aluminum specimen holders. The 
outer surfaces of the abutments were acid etched with 5% hydrofluoric acid (IPS Ceramic 
Etching Gel) for 60 seconds as in Figure 64. Then, they were rinsed thoroughly under 
Figure 62: Application of Multilink Hybrid 
Figure 63: Cemented abutments 
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running water and dried using air-syringe. Monobond Plus was applied to the clean inner 
surfaces and allowed to react for 60 seconds as shown in Figure 65. A small piece of 
cotton was placed into the screw access hole. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 65: Application of MonoBond Plus 
                to abutment (outer surface) 
Figure 64: Application of acid etch (5%HF) 
               to Enamic abutment (outer surface) 
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B. Preparation of The Crown IPS e.max CAD, Vita Enamic, and Vita Mark II crowns 
were cleaned in water in an ultrasonic bath for 3 minutes and dried using air-syringe. The 
bonding surfaces of these crowns were etched with 5% hydrofluoric acid (IPS Ceramic 
Etching Gel) for IPS e.max CAD 20 seconds, and for Vita Enamic, and Vita Mark II 
crowns 60 seconds as in Figure 66. Then, they were rinsed thoroughly under running 
water and dried using air-syringe. Monobond Plus was applied to the clean bonding 
surfaces and allowed to react for 60 seconds as in Figure 67. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 67: Application of Monobond Plus 
                        to the crowns 
Figure 66: Application of acid etch (5%HF) 
                          to the crown 
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C.  Cementation with Multilink Automix CementThe cleaned and conditioned 
components (abutments and crowns) were laid out ready for cementation as in Figure 68. 
A thin layer of Multilink Automix NG cement mixed with auto-mix disposable tubes was 
applied on the bonding surface of the abutments and crowns as in Figure 69. The crowns 
were assembled on the abutments and the correct position of the components was 
checked. The components were pressed tightly for 5 seconds, and the excess cement was 
cleaned with a Microbrush. Glycerine gel was applied at cement junction and light cured 
for 20 seconds to accelerate the polymerization. After the polymerization was done, the 
gel was rinsed off with water.  Figure 70 shows cement-retained implant crowns that are 
ready for testing.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 68: Abutment and crown are ready for cementation  
Figure 69: Application of Multilink Automix cement  
53 
 
 
 
 
 
 
 
 
 
3.2.2. Mechanical Test 
3.2.2.1 Static Load to Failure Test 
The crowns (screw-retained and cement-retained) were placed and a 10 kN load 
cell was mounted on the Instron Universal Testing Machine (Instron 5566A) as in Figure 
71 and 72. After aligning the crowns, a 6 mm stainless steel ball was used to apply a load 
to the central fossa 3-point contact. The ball was placed on the top of the crown in a way 
that follows the occlusal anatomy to allow the ball to find a tripod contact that helped to 
prevent stress concentration.  
            Compressive loading was applied at a crosshead speed of 0.5 mm/min controlled 
by BlueHill 3 software (Instron 5566A) until the crowns fractured. The software records 
the maximum load (N) and maximum extension (mm). The failure load is defined as the 
maximum load.      
Figure 70: Cement-retained implant crowns  
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For the screw-retained implant crowns (IPS e.max CAD and Vita Enamic), the 
crowns failed with the fracture going through the middle of the crowns and separating 
them into two or more pieces from the TiBase. 
For the cement-retained implant crowns (IPS e.max CAD and Vita Enamic) with 
inCoris ZI meso abutment, the crowns failed with the fracture going through the middle 
of the crowns and separating them into either two or more pieces from the abutments. 
None of inCoris ZI meso abutments failed. 
For the cement-retained implant crowns (Vita Mark II) with Vita Enamic 
abutment, both the abutments and the crowns failed with the fracture going through the 
middle of the abutments and the crowns and separating them into either two or more 
pieces from the TiBases. 
Major fractured pieces of the specimens were collected and stored in sealed 
labeled plastic bags. Static load to failure values can be seen in the Results part of this 
research. 
                                    
                                                                                           
 
 
 
 
 
 
Figure 71: Instron Universal Testing  
               Machine (Instron 5566A) 
Figure 72: Crown mounted on the 
                          Instron 
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3.2.2.2 Load to Failure After Cyclic Fatigue Test 
After the static load to failure values were obtained from Instron test, 35-40% of 
the mean static load to failure of each group was selected as the load value for cyclic 
fatigue test using 50,000 or 100,000 cycles. 
After calculating the air pressure needed for each group, the appropriate load cell was 
selected for each test. The test parameters for each group can be seen in Table 3 and 4.  
 
                                     
 
 
Test 
Parameter 
IPS e.max 
crown/ 
composite seal 
IPS e.max 
crown/ 
Enamic inlay 
seal 
Vita Enamic 
crown/ 
composite seal 
Vita Enamic 
crown/ 
Enamic inlay 
seal 
Load 
(N) 
40 % static load 
(1261.44 N) 
40 % static 
load 
(1243.92 N) 
40 % static load 
(1031.15 N) 
40 % static 
load 
(828.95 N) 
Cell Type 
(Diameter) 
Large Load Cell 
2.600” 
Large Load 
Cell 
2.600” 
Large Load Cell 
2.600” 
Large Load 
Cell 
2.600” 
Pressure 
(psi) 
57.7 psi 56.9 psi 
 
47.2 psi 40 psi 
# of 
Cycles 
50,000 
100,000 
50,000 
100,000 
50,000 
100,000 
50,000 
100,000 
   Table 3: Cyclic Fatigue Test Parameters for Different Groups of Screw-Retained 
                                                          Implant Crowns 
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The crowns were placed in plastic fixtures filled with water as in Figure 73. A 6 
mm stainless steel ball was placed on the occlusal surface of each crown and covered 
with a washer. The fixtures were covered with Para-film plastic sheet so that the water 
would not spill or evaporate as shown in Figure 74. Then, they were aligned with the load 
cell by placing the centering hole of the fixture on the locating pin at the base. The pusher 
rods were pushed all the way down to contact the balls as in Figure 75.   
After cyclic fatigue loading, the surviving crowns were tested for load to failure in 
Instron Universal Testing Machine (Instron 5566A) as previously described.  Load to 
failure after cyclic fatigue values can be seen in the Results section.  
Test 
Parameter 
IPS e.max crown/ 
Zr Abutment 
Vita Enamic crown 
/ 
Zr Abutment 
Vita Mark II/ 
Enamic Abutment 
Load 
(N) 
40 % static load 
(1090.84N) 
40 % static load 
(546.70 N) 
35 % static load 
(571.73 N) 
Cell Type 
(Diameter) 
          Large Load Cell 
                2.600” 
Medium Load Cell 
1.562” 
Medium Load Cell 
1.562” 
Pressure 
(psi) 
50 psi 70 psi 
 
73 psi 
# of 
Cycles 
100,000 100,000 100,000 
Table 4: Cyclic Fatigue Test Parameters for Different Groups of Cement-Retained  
   Implant Crowns 
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Figure 73: Crowns mounted into fixtures 
Figure 74: Fixtures covered with washer/Para-film 
Figure 75: Fixtures mounted on Cyclic Fatigue Machine 
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3.2.3. Failure Mode Analysis Using Scanning Electron Microscope (SEM) 
Fracture surfaces of a representative crown (screw and cement-retained implant 
crown) from each group was examined using the Scanning electron microscope (SEM) as 
in Figure 76.  
The fracture specimens of a selected crown were glued carefully onto an 
aluminum stub and then air-drying to remove any dust particles. Carbon conductive tape 
was applied to the stub to improve the conductivity. Then the fracture surfaces were gold 
sputter coated for 5 – 10 seconds under high vacuum as in Figure 77.  
The prepared crowns were loaded into SEM (FESEM, Hitachi SU6600) and 
images were taken with a beam voltage of 15 kV at various magnifications 
(30×,50x,100x, 1000x, 2000x, 5000x) and of different areas of the fractured surfaces 
(top, middle, near screw hole). Acquired images and data were saved to a specific folder. 
 
 
 
 
 
 
  
 
 
Figure 76: FESEM, Hitachi SU660 
Figure 77: IPS e-max crowns glued on  
                          Aluminum stub  
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3.2.4. Elemental Analysis Using Energy Dispersive Spectroscopy (EDS)  
Energy Dispersive Spectroscopy (EDS) microanalysis was done with Aztec SDD 
detector as in Figure 78 to analyze the elemental composition of the same selected 
crowns that were used with SEM.  Several spots were randomly chosen on the surface of 
specimens and the elemental composition was averaged.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 78: EDS software on the screen  
                      using Aztec SDD  
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3.2.5 Fracture Toughness Test Using Vickers Hardness Test       
This test was done on a different set of specimens (rectangular bars) to determine the 
fracture toughness of IPS e.max CAD before and after cyclic fatigue.    
 
Specimen Preparation: 
IPS e.max CAD block was sectioned into rectangular bars with a cross-section of 
7x4mm and a length of approximately 16 mm as in Figure 79. The sectioning was done 
using an IsoMet™ 5000 Linear Precision Saw. After crystallization of the bars in 
Programat CS Ceramic Furnace using program #5, the bars were glued onto epoxy bases 
as in Figure 80. Then they were polished using 0.3um alumina suspension paste 
(Precision Surfaces International) in an Ecomet 250/Automet 250 polishing machine for 
10 min.  
Ten e.max bars were tested for fracture toughness; five bars were tested as they 
are (non- fatigue), and the other five bars (fatigue) were cyclic fatigue tested as 
previously described in Cyclic Fatigue section using 1260N load (58psi), and 50,000 
cycles as in Figure 81 and 82. 
 
 
 
 
 
 
Figure 79: The bar specimens before crystallization 
61 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fracture Toughness Test: 
 The specimens from both groups (non-fatigue, fatigue) were mounted and tested 
using a Microhardness Tester (Buehler MicroMet 2003) one at a time as in Figure 84. 
The applied load was set to 4.90 Newton and the dwell time was 20 seconds. A Vickers 
indenter was used to make seven indentation measurements on each specimen. Figure 85 
Figure 81: Specimen placed in 
                 a fatigue fixture 
Figure 82: Fixture placed in the 
                 fatigue machine 
 
Figure 80: Bar specimens glued  
                 onto epoxy bases 
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shows specimens that are ready to be imaged by SEM. The indentations were imaged 
under the SEM with a beam voltage of 5.0KV at magnifications (80X, 100X, 1000X). 
The length of indentation induced cracks was measured by using Quartz PCI 
software. This measured data was used for the calculation of the values of fracture 
toughness [MPa m1/2] for all specimens according to the equation of fracture toughness as 
shown below 38 
𝐾1𝑐 = 𝐵 (
𝐸
𝐻
)
1/2
(
𝑊
𝑐3/2
) 
 
Where: B is an empirical constant, 0.016.38 .W is the load in Newton, C is the crack 
length from the center of the indent to the crack tip in meters, E is the Young's modulus 
(95 ± 5 GPa) 39 , H is the Vickers hardness (5.8 ± 0.2 GPa) 39. 
The fracture toughness values of both groups (non-fatigue, fatigue) can be seen in 
the Result part of this research.  
 
 
 
 
 
                                   
                                                     
             
 
Figure 84: Specimens ready for imaging  
                               by SEM     
 Figure 83: Microhardness Tester  
       (Buehler MicroMet 2003) 
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STATISTICAL ANALYSIS: 
  The comparison of failure load between tested groups was analyzed by one-way 
ANOVA with α=0.05. The t-test and Tukey HSD tests were used to detect significant 
interaction between the tests. For survival analysis of the failure load, Log-Rank and 
Wilcoxon tests were performed to detect any difference in survival between the groups.  
A linear regression model was used to study the relationships between the different 
components. Contingency analysis of failure mode was done.  Likelihood Ratio and 
Pearson tests were used to determine the significance difference between the groups. All 
the statistical analysis were performed with a statistical package (JMP Pro 13). 
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CHAPTER 4. RESULTS 
4.1 Descriptive Results of Static Load to Failure  
4.1.1 Screw-retained CAD/CAM implant crowns 
     The mean, standard deviation, and coefficient of variation of the static load to failure of  
     four tested groups can be found in Table 5 and Figure 85. These values represent the 
     static load to failure of the crowns as measured by Instron 5566A. Data show load to  
     failure of IPS e.max CAD crowns sealed with composite was close to those sealed with  
    Enamic inlay. For Vita Enamic crowns, the crowns that were sealed with composite had  
     higher load to failure value than those sealed with Enamic inlay. IPS e.max CAD crowns 
    showed higher load to failure than Vita Enamic crowns. 
 Table 5: Mean static load to failure (N) and standard deviation of the static groups 
          GROUP NUMBER MEAN SD COV (%) 
IPS e.max crown/ 
composite seal 
12 3135.62 593.71 18.83 
IPS e.max crown/ 
Enamic seal 
12 3109.80 961.93 30.93 
Vita Enamic crown/ 
composite seal 
12 2577.88 386.11 14.98 
Vita Enamic crown/ 
Enamic seal 
12 2072.40 392.39 18.93 
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4.1.2 Cement Retained CAD/CAM Implant Crowns 
      Static load to failure mean, standard deviation, and coefficient of variation of the three  
      tested groups can be found in Table 6 and Figure 86. These values represent the static  
      load to failure of the crowns as measured by Instron 5566A. Data show IPS e.max CAD  
      crowns with inCoris Zr meso abutments had higher load to failure than Vita Enamic  
      crowns with inCoris Zr meso abutments, and Vita Mark II crowns and Vita Enamic  
      abutments. The Vita Enamic crowns with inCoris Zr meso abutments showed the lowest  
      load to failure values.  
 
Figure 85: Bar graph - Mean (Load to failure (N)) of the static groups 
                          (screw-retained CAD/CAM crowns) 
 
 
 
 
Figure: Bar graph - Mean (Load to failure (N)) of the static groups 
 (Screw retained CAD/CAM crowns) 
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Table 6: Mean static load to failure (N) and standard Deviation of the Static groups 
 
 
          GROUP NUMBER MEAN 
 
SD 
 
COV (%) 
IPS e.max crown/ 
Zr abutment 
10 2727.13. 625.50 22.94 
Vita Enamic crown/ 
Zr abutment 
10 1366.77 289.48 21.18 
Vita Mark II crown/ 
Enamic abutment 
10 1633.54 292.68 17.92 
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Figure 86: Bar graph - Mean (Load to failure (N)) of the static groups 
                             (cement-retained CAD/CAM crowns) 
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Figure: Bar graph - Mean (Load to failure (N)) of the static groups 
(Cement retained CAD/CAM crowns) 
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Figure 87 shows the static load to failure for all screw and cement retained CAD/CAM 
implant crown groups. The graph shows screw retained IPS e-max crowns sealed with 
composite has highest static load to failure value (3153.62 N) whereas cement retained 
Vita Enamic crown with Zr abutment has lowest static load to failure value (1366.76 N).  
 
Figure 87: Bar graph - Mean (Load to failure (N)) of the static groups 
                          (screw and cement-retained CAD/CAM crowns) 
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Figure: Bar graph - Mean (Load to failure (N)) of the static groups 
(Cement retained CAD/CAM crowns) 
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4.2 Descriptive Results of Load to Failure after Cyclic Fatigue  
4.2.1 Screw-Retained CAD/CAM Implant Crowns 
4.2.1.1 40 % of Static Failure Load, and 50,000 Cycle 
 Load to failure after cyclic fatigue mean, standard deviation, and coefficient of variation 
of the four groups fatigued at a peak load of 40 % of mean static failure load, and 50,000 
cycles is shown in Table 7 and Figure 88. These values represent the load to failure of the 
survivor crowns from cyclic fatigue test as measured by Instron 5566A. Data show load 
to failure of IPS e.max CAD crowns were sealed with Enamic inlay was little higher than 
those sealed with composite. For Vita Enamic crowns, the crowns that were sealed with 
composite had a higher load to failure than the crowns that were sealed with Enamic 
inlay. IPS e.max CAD crowns showed higher load to failure than Vita Enamic crowns. 
  
         GROUP NUMBER MEAN 
 
SD 
 
COV 
(%) 
IPS e.max crown/ 
composite seal 
11 3606.11 559.25 15.51 
IPS e.max crown/ 
Enamic seal 
12 3759.31 780.32 20.76 
Vita Enamic crown/ 
composite seal 
12 2459.55 456.61 18.56 
Vita Enamic crown/ 
Enamic seal 
10 2128.80 284.55 13.37 
Table 7: Mean load to failure (N) and standard Deviation of the fatigued groups 
 
 
 
Table.6: Mean static load to failure and standard Deviation of the fatigued 
groups 
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4.2.1.2 40 % of Static Failure Load, and 100,000 Cycle 
Load to failure after cyclic fatigue mean, standard deviation, and coefficient of variation 
of the four groups fatigued at a peak load of 40 % of mean static failure load, and 
100,000 cycles is shown in Table 8 and Figure 89. These values represent the load to 
failure of the survivor crowns from the cyclic fatigue test as measured by Instron 5566A. 
Data show load to failure of IPS e.max CAD crowns sealed with Enamic inlay was 
slightly higher than those sealed with composite. For Vita Enamic crowns, the crowns 
that were sealed with composite had higher load to failure than the crowns that were  
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Figure 88: Bar graph - Mean (Load to failure (N)) of the fatigued groups 
                                 (screw- retained CAD/CAM crowns) 
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Figure: Bar graph - Mean (Load to failure (N)) of all tested static groups 
(Screw and cement retained CAD/CAM crowns) 
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sealed with Enamic inlay. IPS e.max CAD crowns showed higher load to failure than 
Vita Enamic crowns. 
 
 
 
 
 
 
 
 
         GROUP NUMBER MEAN 
 
SD 
 
COV (%) 
IPS e.max crown/ 
composite seal 
10 3350.30 449.55 13.42 
IPS e.max crown/ 
Enamic seal 
10 3334.09 378.23 11.34 
Vita Enamic crown/ 
composite seal 
10 2456.17 636.82 25.93 
Vita Enamic crown/ 
Enamic seal 
10 1832.62 446.38 24.36 
Table 8: Mean load to failure(N) and standard Deviation of the fatigued groups 
 
 
 
Table.7: Mean static load to failure and standard Deviation of the fatigued groups 
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4.2.2 Cement Retained CAD/CAM Implant Crowns 
4.2.2.1 40 % of Static Failure Load, and 100,000 Cycle 
Load to failure after cyclic fatigue mean, standard deviation, and coefficient of variation 
of the three groups fatigued at a peak load of 40 % of mean static failure load, and 
100,000 cycles is shown in Table 9 and Figure 90. These values represent the load to 
failure of the survivor crowns from cyclic fatigue test as measured by Instron 5566A. 
Data show IPS e.max CAD crowns with inCoris Zr meso abutments had higher load to 
failure than Vita Enamic crowns with inCoris Zr meso abutments, and Vita Mark II 
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Figure 89: Bar graph - Mean (Load to failure (N)) of the fatigued groups 
                           (screw-retained CAD/CAM crowns) 
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Figure: Bar graph - Mean (Load to failure (N)) of the fatigued groups 
(Cement retained CAD/CAM crowns) 
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crowns with Vita Enamic abutments. The Vita Mark II crowns with Vita Enamic 
abutments showed the lowest load to failure values.  
 
 
 
 
                                      
 
 
 
 
 
 
 
            GROUP NUMBER MEAN 
 
SD COV (%) 
IPS e.max crown/ 
Zr abutment 
7 2051.80 475.41 23 
Vita Enamic crown/ 
Zr abutment 
6 1495.88 156.39 10 
Vita Mark II crown/ 
Enamic abutment 
8 903.24 106.16 11.75 
Table 9: Mean load to failure (N) and standard Deviation of the fatigued groups 
 
 
 
Table.8: Mean static load to failure and standard Deviation of the fatigued groups 
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Figure 90: Bar graph - Mean (Load to failure (N)) of the fatigued groups 
                              (cement-retained CAD/CAM crowns) 
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Figure: Bar graph - Mean (Load to failure (N)) of the fatigued groups 
(Cement retained CAD/CAM crowns) 
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Figure 91 shows the static load to failure for all screw and cement retained CAD/CAM 
implants crown groups after they were fatigued for 100,000 cycles. The graph shows 
screw retained IPS e-max crowns sealed with composite has highest load to failure value 
(3350.3N) whereas cement retained Vita Mark II crown with Vita Enamic abutment has 
lowest static load to failure value (903.23 N). 
 
 
 
 
 
Figure 91: Bar graph - Mean (Load to failure (N)) of all tested groups 
                      (screw and cement-retained CAD/CAM crowns) 
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Survival Rate of the different groups After Cyclic Fatigue 
 
 
 
                     
                     GROUP 
       % SURVIVAL 
AFTER FATIGUE 
(50,000 CYCLE) 
          % SURVIVAL 
AFTER FATIGUE 
(100,000 CYCLE) 
IPS e.max crown/ 
composite seal 
91.67 71.43 
IPS e.max crown/ 
Enamic seal 
100 100 
Vita Enamic crown/ 
composite seal 
100 100 
Vita Enamic crown/ 
Enamic seal 
83.33 100 
IPS e.max crown/ 
Zr abutment 
- 70 
Vita Enamic crown/ 
Zr abutment 
- 50 
Vita Mark II crown/ 
Enamic abutment 
-  57  
Table 10: Survival rate for all tested groups (screw and cement-retained 
CAD/CAM crowns) 
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Table 9 shows the survival rate of all tested groups (screw and cement-retained 
CAD/CAM crowns) after cyclic fatigue test of 50,000 and 100,000 cycles. IPS e-max 
CAD crown sealed with Enamic inlay and Vita Enamic crown sealed with composite 
show highest survival rate (100%) while Vita Enamic crown with Zr abutment and Vita 
Mark II crown with Enamic abutment show least survival rate of 50% and 57%, 
respectively. 
 
4.3 Statistical Analysis for Screw-Retained CAD/CAM Implant Crowns 
4.3.1 One-way Analysis of Failure Load for Screw-Retained CAD/CAM Implant Crowns 
(SRIC) 
4.3.1.1 One-way Analysis of Failure Load by Crown Material 
To analyze the difference between the group means, a one-factor analysis of variance 
 (ANOVA) is performed with failure load as the dependent variable and the crown 
material as the factor. Alpha is set at 0.05. The results in Table 11 show there is a 
significant difference between groups (p<0.05).   
         Table 11: ANOVA for the Failure Load by Crown Material (SRIC group) 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > F 
Crown 
Material 
1 41690048 41690048 115.9795 <.0001* 
Error 131 47089306 359460.35   
C. Total 132 88779354    
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In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 12 and Figure 93. The results show IPS e.max CAD crowns have higher failure 
load than Vita Enamic crowns. 
            Table 12: Tukey HSD Test Results for Failure Load by Crown Material 
                                                        (SRIC group) 
                                       
    
                              
  
 
                         
                   *Positive values show pairs of means that are significantly different 
 
 
 
 
                                   
 
                                              
 
                                   . 
Abs(Dif)-
HSD 
IPS e-max 
CAD 
Vita Enamic 
IPS e-max 
CAD 
-204.92 914.09 
Vita Enamic 914.09 -206.47 
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Figure 92: Bar graph - Mean (Load to failure (N)) By Crown 
Material 
A 
B 
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4.3.1.2 One-way Analysis of Failure Load by Sealing Material 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the sealing 
(composite seal, Enamic seal) as the factor. Alpha is set at 0.05. The results in Table 13 
show there is no significant difference between groups (p>0.05). 
 
     Table 13: ANOVA for the Failure Load by Sealing Material (SRIC group) 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 14 and Figure 93. The results show the failure load of the crowns sealed with 
composite and the ones sealed with Enamic inlay are comparable. 
 
 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > F 
Seal 
Material 
1 41690048 1259441 1.8851 0.1721 
Error 131 47089306 668091   
C. Total 132 88779354    
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          Table 14 : Tukey HSD Test Results for Failure Load by Sealing Material 
                                                        (SRIC group) 
  
 
 
 
 
 
                                    
                           *Positive values show pairs of means that are significantly different. 
    
 
 
 
 
 
 
 
 
 
 
 
Abs(Dif)-
HSD 
Composite 
Seal 
Enamic 
Inlay 
Composite 
Seal 
-279.37 -85.79 
Enamic 
Inlay 
-85.79 -281.47 
A 
A 
Figure 93: Bar graph - Mean (Load to failure (N)) By 
Sealing Material  
A 
A 
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4.3.1.3 One-way Analysis of Failure Load by Post-treatment 
 To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the post treatment 
(static, fatigue 50k, fatigue 100k) as the factor. Alpha is set at 0.05. The results in Table 
15 show there is no significant difference between groups (p>0.05). 
 
       Table 15: ANOVA for the Failure Load by Post-treatment (SRIC group) 
 DF Sum of 
Squares 
Mean 
Square 
F Ratio Prob > F 
Post 
treatment 
2 2301544 1150772 1.7299 0.1814 
Error 130 86477810 665214   
C. Total 132 88779354    
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 16 and Figure 94.  The results show the failure load of the crowns at static and 
after cycle fatigue (50.000, 100,000 cycle) are comparable. 
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     Table 16: Tukey HSD Test Results for Failure Load by Post-treatment  
                                                    (SRIC group) 
 
 
 
 
 
 
                                    
 
 
                          *Positive values show pairs of means that are significantly different. 
 
 
 
 
                          
 
 
 
   
 
 
 
Abs(Dif)-
HSD 
fatigued-
50k 
fatigued-
100k 
static-dry 
fatigued-
50k 
-407.66 -150.58 -116.75 
fatigued-
100k 
-150.58 -432.39 -399.11 
static-dry -116.75 -399.11 -394.72 
Figure 94: Bar graph - Mean (Load to failure (N)) By Post-treatment 
                                                  (SRIC group) 
 
A A A 
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4.3.1.4 One-way Analysis by Crown Material for Composite Seal 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the crown 
materials (IPS e-max CAD, Vita Enamic) as the factor, while the sealing method is 
composite seal. Alpha is set at 0.05. The results in Table 17 show there is a significant 
difference between groups (p<0.05). 
 
     Table 17: ANOVA for the failure load by Crown Material for Composite Seal 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 18 and Figure 95. The results show IPS e.max CAD crowns sealed with 
composite have higher failure load than Vita Enamic crowns sealed with composite.  
 
 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Crown  
material 
1 12493350 12493350 45.8889 <.0001* 
Error 65 17696378 272251.97   
C. Total 66 30189727    
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               Table 18: Tukey HSD Test Results for Failure Load by Crown Material  
                                                          for Composite Seal 
 
 
  
 
 
                                    
 
                                 *Positive values show pairs of means that are significantly different. 
   
 
 
 
                             
 
 
 
 
 
 
 
Abs(Dif)-
HSD 
IPS e-max 
CAD 
Vita Enamic 
IPS e-max 
CAD 
-256.54 609.09 
Vita Enamic 609.09 -252.74 
Figure 95: Bar graph - Mean Load to failure (N) by Crown 
material for Composite Seal   
A 
B 
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4.3.1.5 One-way Analysis of Failure Load by Crown Material for Enamic Inlay Seal 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the crown 
materials (IPS e-max CAD, Vita Enamic) as the factor, while the sealing method is 
Enamic inlay. Alpha is set at 0.05. The results in Table 19 show there is a significant 
difference between groups (p<0.05). 
Table 19: ANOVA for the failure load by Crown Material for Enamic Inlay Seal 
    
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 20 and Figure 96. The results show IPS e.max CAD crowns sealed with Enamic 
inlay have higher failure load than Vita Enamic crowns sealed with Enamic inlay.  
 
                     
 
  
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Crown  
material 
1 31846588 31846588 79.9801 <.0001* 
Error 64 25483597 398181.2   
C. Total 65 57330185    
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           Table 20: Tukey HSD test results for failure load by Crown Material  
                                                          for Enamic Inlay Seal 
 
 
 
 
 
                             
                          *Positive values show pairs of means that are significantly different. 
 
 
 
 
           
 
 
                
  
 
 
 
 
Abs(Dif)-
HSD 
IPS e-max 
CAD 
Vita Enamic 
IPS e-max 
CAD 
-305.7 1079.4 
Vita Enamic 1079.4 -315.1 
Figure 96: Bar graph - Mean (Load to failure (N)) By Crown material for  
                                                    Enamic Inlay Seal                                                        
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4.3.1.6 One-way Analysis of Failure Load by Post-treatment For IPS e-max CAD Crown 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the post treatment 
(static, fatigue 50k, fatigue 100k) as the factor, While the crown material is IPS e-max 
CAD crown. Alpha is set at 0.05. The results in Table 21 show there is a significant 
difference between groups (p<0.05). 
   Table 21: ANOVA for the Failure Load by Post-treatment For IPS e-max CAD  
                                                       
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 22 and Figure 97. The results show static failure load of IPS e-max CAD is 
lower than failure load of the crowns after cyclic fatigue for 50,000 cycles.  No difference 
between failure load after cyclic fatigue for 50,000 cycles or 100,000 cycles. 
 
            
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > F 
Post  
treatment 
2 3660721 1830360 4.3170 0.0174* 
Error 64 27135227 423988   
C. Total 66 30795948    
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     Table 21: Tukey HSD Test Results for Failure Load by Post-treatment   
                                                 For IPS e-max CAD Crown 
 
  
 
 
 
 
 
                               
                          *Positive values show pairs of means that are significantly different. 
 
                                    
                                         
 
                            
                              
 
 
 
 
 
Abs(Dif)-
HSD 
fatigued-
50k 
fatigued-
100k 
static-dry 
fatigued-
50k 
-460.72 -133.84 98.43 
fatigued-
100k 
-133.84 -494.07 -262.55 
static-dry 98.43 -262.55 -451.02 
Figure 97: Bar graph - Mean (Load to failure (N)) By Post-treatment for  
                                          IPS e-max CAD Crown 
A 
B AB 
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4.3.1.7 One-way Analysis of Failure Load by Post-treatment for Vita Enamic Crown 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the post treatment 
(static, fatigue 50k, fatigue 100k) as the factor, while the crown material is Vita Enamic 
crown. Alpha is set at 0.05. The results in Table 23 show there is no significant difference 
between groups (p>0.05) 
  Table 23: ANOVA for the Failure Load by Post-treatment for Vita Enamic Crown 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 24 and Figure 98. The results show failure load of Vita Enamic crowns at static, 
after cyclic fatigue for 50,000 and 100,000 cycles are comparable. 
 
 
 
 
  Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Post  
treatment 
2 420687 210344 0.8349 0.4387 
Error 63 15872671 251947   
C. Total 65 16293358    
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Figure 98: Bar graph - Mean (Load to failure (N)) By Post-treatmet 
                                      for Vita Enamic Crown 
                 Table 24: Tukey HSD Test Results for Failure Load by Post-treatment for  
                                                           Vita Enamic Crown 
 
 
 
 
                               
 
                                    
 
                          *Positive values show pairs of means that are significantly different. 
 
 
                                   
 
 
 
 
 
 
 
 
Abs(Dif)-
HSD 
fatigued-
50k 
fatigued-
100k 
static-dry 
fatigued-
50k 
-347.80 -339.69 -184.04 
fatigued-
100k 
-339.69 -363.27 -207.43 
static-dry -184.04 -207.43 -381.00 
A A A 
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   4.3.2 Survival Analysis of Failure Load for Screw-Retained CAD/CAM Implant Crowns 
4.3.2.1 Survival Analysis of failure load by Crown Material 
For survival analysis of the failure load, Log-Rank and Wilcoxon tests were performed to 
test the null hypothesis of no different of survival between groups. The results of these 
tests by crown material are shown in Table 25 and Figure 99. The results show there is a 
significant difference between groups (p<0.05). 
  Table 25: Log-Rank and Wilcoxon Test Results for Survival Analysis by Crown 
Material (SRIC group) 
 
 
 
 
 
 
     
 
 
 
 
Test ChiSquare DF Prob>ChiSq 
Log-Rank 90.5141 1 <.0001* 
Wilcoxon 81.6110 1 <.0001* 
Figure 99: Survival Plot by Crown Materials (SRIC group) 
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4.3.2.2 Survival Analysis of failure load by Sealing Material 
For survival analysis of the failure load, Log-Rank and Wilcoxon tests were performed to 
test the null hypothesis of no different of survival between groups. The results of these 
tests by sealing material are shown in Table 26 and Figure 100. The results show there is 
no significant difference between groups (p>0.05). 
  Table 26: Log-Rank and Wilcoxon Test Results for Survival Analysis by Sealing      
                                                        Material (SRIC group) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare DF Prob>ChiSq 
Log-Rank 0.1288 1 0.7197 
Wilcoxon 3.1590 1 0.0755 
Figure 100: Survival Plot by Sealing Material (SRIC group) 
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4.3.2.3 Survival Analysis of failure load by Post-treatment 
For survival analysis of the failure load, Log-Rank and Wilcoxon tests were performed to 
test the null hypothesis of no different of survival between groups. The results of these 
tests by Post-treatment are shown in Table 27 and Figure 101. The results show there is 
no significant difference between groups (p>0.05). 
      Table 27: Log-Rank and Wilcoxon Test Results for Survival Analysis by Post-   
                                                 treatment (SRIC group) 
 
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare DF Prob>ChiSq 
Log-Rank 4.0687 2 0.1308 
Wilcoxon 2.3713 2 0.3055 
Figure 101: Survival Plot by Post-treatment (SRIC group) 
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4.3.3 Linear Regression Model of Failure Load for Screw-Retained Implant Crowns 
4.3.3.1 Whole Model Description 
To study the relationships between the different components, a linear regression model 
was used. Table 28 shows the effect test of each component e.g crown material, sealing 
material. The effect test showed the crown material and sealing material have statistically 
significant difference (P value < 0.05). Also, there is an interaction between the crown 
and sealing materials and between the crown material and post-treatment.  
       Table 28: Effect Test Result of Linear Regression Model for the Failure Load  
Source Nparm DF Sum of Squares F Ratio Prob > F 
Crown material 1 1 42225406 133.7932 <.0001* 
Sealing material 1 1 1714065 5.4311 0.0214* 
Post-treatment 2 2 1903784 3.0161 0.0526 
Crown 
material*Sealing 
material 
1 1 2184020 6.9202 0.0096* 
Crown 
material*Post-
treatment 
2 2 2048580 3.2455 0.0423* 
Sealing 
material*Post-
treatment 
2 2 326135 0.5167 0.5978 
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4.3.3.2 Factorial Analysis by Crown Material 
In linear regression model, factorial analysis of failure load by crown material was 
performed using the Least Squares Means method, showing the crown material was a 
dominate factor (p <0.05). The results of least square mean, standard error, and the mean 
are shown in Table 29. 
        Table 29: Least Squares Means for the Failure Load by Crown Material 
 
 In order to determine which specific group least square means are different, a 
comparison for all pairs using student’s t test, with alpha=0.05, was performed. The 
results of the test are shown in Table 30 and Figure 102. The results show there is a 
significant difference between groups (p<0.05). 
                     Table 30: Least Square Means Differences Student's t Test 
 
                           *Levels not connected by same letter are significantly different. 
                                                                
 
Level Least Sq Mean Std Error Mean 
IPS e-max CAD 3385.4377 68.855422 3384.84 
Vita Enamic 2254.3417 69.405941 2265.06 
Level Sig Sig Least Sq Mean 
IPS e-max CAD A  3385.4377 
Vita Enamic  B 2254.3417 
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4.3.3.3 Factorial Analysis by Sealing Material 
In linear regression model, factorial analysis of failure load by sealing material was 
performed using the Least Squares Means method, showing the sealing material was a 
dominate factor (p <0.05). The results of least square mean, standard error, and the mean 
are shown in Table 31. 
           Table 31: Least Squares Means for the Failure Load by Sealing Material 
  
Level Least Sq Mean Std Error Mean 
Composite Seal 2933.8349 68.855422 2925.74 
Enamic Inlay 2705.9445 69.405941 2731.11 
Figure 102: Least Square Means Plot for Failure Load by Crown Material 
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 In order to determine which specific group least square means are different, a 
comparison for all pairs using student’s t test, with alpha=0.05, was performed. The 
results of the test are shown in Table 32 and Figure 103. The results show there is a 
significant difference between groups (p<0.05). 
                    Table 32: Least Square Means Differences Student's t Test 
        
                     *Levels not connected by same letter are significantly different. 
                      
 
 
 
                             
 
 
 
 
 
 
 
Level Sig Sig Least Sq Mean 
Composite Seal A  2933.8349 
Enamic Inlay  B 2705.9445 
Figure 103: Least Square Means Plot for Failure Load by Sealing Material 
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4.3.3.4 Factorial Analysis by Post-treatment 
 In linear regression model, factorial analysis of failure load by post-treatment was 
performed using the Least Squares Means method, showing the post-treatment was not a 
dominate factor (>0.05). The results of least square mean, standard error, and the mean 
are shown in Table 33. 
               Table 33: Least Squares Means for the Failure Load by Post-treatment 
             
In order to determine which specific group least square means are different, a comparison 
for all pairs using Tukey HSD test, with alpha=0.05, was performed. The results of the 
test are shown in Table 34 and Figure 104. The results show there is no significant 
difference between groups (p>0.05). 
                    Table 34: Least Square Means Differences Tukey HSD Test 
        
                                        
 
 
                *Levels not connected by same letter are significantly different. 
   
Level Least Sq Mean Std Error Mean 
static-dry 2728.4257 81.086649 2728.43 
fatigued-50k 2987.9471 83.855460 3012.92 
fatigued-100k 2743.2963 88.825974 2743.30 
Level Sig Least Sq Mean 
fatigued-50k A 2987.9471 
fatigued-100k A 2743.2963 
static-dry A 2728.4257 
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4.3.3.5 Factorial Analysis by Crown Material and Sealing Material 
 Factorial analysis of failure load by crown material and sealing material was performed 
using the Least Squares Means. The results of least square mean and standard error are 
shown in Table 35. 
      Table 35: Least Squares Means for the Failure Load by Crown and Sealing 
Material 
 
 
 
 
 
 
Level Least Sq Mean Std Error 
IPS e-max CAD/ Composite Seal 3371.1150 97.997704 
IPS e-max CAD/ Enamic Inlay 3399.7604 96.613459 
Vita Enamic/ Composite Seal 2496.5549 96.613459 
Vita Enamic/ Enamic Inlay 2012.1286 99.583971 
Figure 104: Least Square Means Plot for Failure Load by Post-treatment 
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In order to determine which specific group least square means are different, a comparison 
for all pairs using Tukey HSD test, with alpha=0.05, was performed. The results of the 
test are shown in Table 36 and Figure 105. The results show there is a significant 
difference between groups (p<0.05). 
   Table 36: Least Square Means Differences Tukey HSD Test by Crown and Sealing 
                                                                     Material      
                       *Levels not connected by same letter are significantly different. 
 
                
 
 
       
 
 
 
 
 
Level Sig Sig Sig Least Sq Mean 
IPS e-max CAD/Enamic Inlay  A   3399.7604 
IPS e-max CAD/ Composite Seal A   3371.1150 
Vita Enamic/Composite Seal  B  2496.5549 
Vita Enamic/Enamic Inlay   C 2012.1286 
              Figure 105: Least Square Means Plot for Failure Load by  
                                 Crown Material*Sealing Material 
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4.3.3.6 Factorial Analysis by Crown Material and Post-treatment 
Factorial analysis of failure load by crown material and post-treatment was performed 
using the Least Squares Means. The results of least square mean and standard error are 
shown in Table 37. 
Table 37: Least Squares Means for the Failure Load by Crown Material and 
Post- treatment 
 
 
 
 
 
 
 
 
 
        In order to determine which specific group least square means are different, a comparison 
        for all pairs using Tukey HSD test, with alpha=0.05 was performed. The results of the 
        test are  shown in Table 38 and Figure 106. The results show there is a significant  
difference between groups(p<0.05). 
 
 
 
Level Least Sq Mean Std Error 
IPS e-max CAD/Static-dry 3131.7146 114.67384 
IPS e-max CAD/Fatigued-50k 3682.4024 117.21530 
IPS e-max CAD/Fatigued-100k 3342.1961 125.61890 
Vita Enamic/Static-dry 2325.1369 114.67384 
Vita Enamic/Fatigued-50k 2293.4918 120.10190 
Vita Enamic/Fatigued-100k 2144.3965 125.61890 
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Table 38: Least Square Means Differences Tukey HSD Test by Crown Material and 
Post- treatment 
 
                         *Levels not connected by same letter are significantly different. 
 
 
 
 
 
 
 
 
 
 
 
Level Sig Sig Sig Least Sq Mean 
IPS e-max CAD/ Fatigued-50k A   3682.4024 
IPS e-max CAD/ Fatigued-100k A B  3342.1961 
IPS e-max CAD/ Static-dry  B  3131.7146 
Vita Enamic/Static-dry   C 2325.1369 
Vita Enamic/Fatigued-50k   C 2293.4918 
Vita Enamic/Fatigued-100k   C 2144.3965 
Figure 106: Least Square Means Plot for Failure Load by  
                       Crown Material*Post-treatment 
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4.3.3.7 Factorial Analysis by Sealing Material and Post-treatment 
Factorial analysis of failure load by sealing material and post-treatment was performed 
using the Least Squares Means. The results of least square mean and standard error are 
shown in Table 39. 
Table 39: Least Squares Means for the Failure load by Sealing Material and 
Post- treatment 
 
In order to determine which specific group least square means are different, a comparison 
for all pairs using Tukey HSD test, with alpha=0.05 was performed. The results of the 
test are shown in Table 40 and Figure 107. The results show there is no significant 
difference between groups (p>0.05). 
 
 
 
 
Level Least Sq Mean Std Error 
Composite Seal/ Static-dry 2865.7492 114.67384 
Composite Seal/ Fatigued-50k 3032.5195 117.21530 
Composite Seal/ Fatigued-100k 2903.2362 125.61890 
Enamic Inlay/ Static-dry 2591.1023 114.67384 
Enamic Inlay/ Fatigued-50k 2943.3747 120.10190 
Enamic Inlay/ Fatigued-100k 2583.3565 125.61890 
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Table 40: Least Square Means Differences by Tukey HSD Test by Sealing Material  
 and Post- treatment 
 
 
 
 
 
 
 
 
*Levels not connected by same letter are significantly different. 
 
 
 
 
 
 
   
 
 
 
 
Level Sig. Least Sq Mean 
Composite Seal/ Fatigued-50k A 3032.5195 
Enamic Inlay/ Fatigued-50k A 2943.3747 
Composite Seal/ Fatigued-100k A 2903.2362 
Composite Seal/ Static-dry A 2865.7492 
Enamic Inlay/ Static-dry A 2591.1023 
Enamic Inlay/ Fatigued-100k A 2583.3565 
Figure 107: Least Square Means Plot for Failure Load by  
                     Sealing Material*Post-treatment 
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4.3.4 Failure Mode Analysis for Screw-Retained Implant Crowns 
4.3.4.1 Contingency Analysis of Failure Mode by Crown Material 
Contingency analysis of failure mode analysis was performed for different crown 
material. Three types of failure mode [Catastrophic(2pc), pre-testing failure, and 
Catastrophic(>2pc)]with their percentages (Total, column, and row) are shown in Table 
41.  An example of catastrophic, >2pc  (crowns fracture into multiple pieces) and 
catastrophic 2pc (crowns fracture into two pieces) failure is shown in Figure 108 and 109, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 109: Catastrophic(2pc) Failure, IPS e- max 
                            CAD/composite 
Figure 108: Catastrophic(>2pc) Failure, IPS e-max 
                            CAD/composite 
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       Table 41: Contingency Table of Failure Mode by Crown Material (SRIC)   
 
To determine the significance difference between the groups, Likelihood Ratio and 
  Pearson tests were performed. The results in Table 42 and Figure 110 show there is a 
  significant difference between groups (p<0.05).  Vita Enamic crowns show more  
  catastrophic failure than IPS e-max CAD crowns. 
 
 
 
Groups  Catastrophic 
(>2pc) 
Pre-testing 
Failure 
Catastrophic 
(2pc) 
Total 
IPS e-max 
CAD 
Count 
Total % 
Col % 
Row % 
24 
17.14 
32.88 
33.33 
5 
3.57 
71.43 
6.94 
43 
30.71 
71.67 
59.72 
72 
51.43 
Vita 
Enamic 
Count 
Total % 
Col % 
Row % 
49 
35.00 
67.12 
72.06 
2 
1.43 
28.57 
2.94 
17 
12.14 
28.33 
25.00 
68 
48.57 
 Total 73 
52.14 
7 
5.00 
60 
42.86 
140 
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Table 42: Likelihood Ratio and Pearson Test Results for Failure Mode Analysis  
                                                    by Crown Material 
                                           
            
          
    
 
 
                 
     
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare Prob>ChiSq 
Likelihood Ratio 21.600 <.0001* 
Pearson 21.017 <.0001* 
     Figure 110: Mosaic Plot for Contingency Analysis of Failure Mode  
                                           by Crown Material (SRIC) 
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4.3.4.2 Contingency Analysis of Failure Mode by sealing Material 
Contingency analysis of failure mode analysis was performed for different sealing 
material. Three types of failure mode [Catastrophic(2pc), pre-testing failure, and 
Catastrophic(>2pc)] with their percentages (Total, column, and row) are shown in Table 
43. 
       Table 43: Contingency Table of Failure Mode by Sealing Material (SRIC) 
 
 
         
 
Groups  Catastrophic 
(>2pc) 
Pre-testing 
Failure 
Catastrophic 
(2pc) 
Total 
Composite 
Seal 
Count 
Total % 
Col % 
Row % 
38 
27.14 
52.05 
52.78 
5 
3.57 
71.43 
6.94 
29 
20.71 
48.33 
40.28 
72 
51.43 
Enamic 
Inlay 
Count 
Total % 
Col % 
Row % 
35 
25.00 
47.95 
51.47 
2 
1.43 
28.57 
2.94 
31 
22.14 
51.67 
45.59 
68 
48.57 
 Total 73 
52.14 
7 
5.00 
60 
42.86 
140 
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To determine the significance difference between the groups, Likelihood Ratio and 
Pearson tests were performed. The results in Table 44 and Figure 111 show there is no 
significant difference between groups (p>0.05).   
 
Table 44: Likelihood Ratio and Pearson Test Results for Failure Mode Analysis 
                                                   by Sealing Material 
 
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare Prob>ChiSq 
Likelihood Ratio 1.404 0.4956 
Pearson 1.362 0.5060 
Figure 111: Mosaic Plot for Contingency Analysis of Failure Mode by 
                                  Sealing Material (SRIC) 
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4.3.4.3 Contingency Analysis of Failure Mode by Post-treatment 
  Contingency analysis of failure mode analysis was performed for different post- 
  treatment. Three types of failure mode [Catastrophic(2pc), pre-testing failure, and  
  Catastrophic(>2pc)]with their percentages (Total, column, and row) are shown in Table 
  45.  
          Table 45: Contingency Table of Failure Mode by Post-treatment (SRIC) 
Groups  Catastrophic 
(>2pc) 
Pre-testing 
Failure 
Catastrophic 
(2pc) 
Total 
static-dry Count 
Total % 
Col % 
Row % 
30 
21.43 
41.10 
62.50 
0 
0.00 
0.00 
0.00 
18 
12.86 
30.00 
37.50 
48 
34.29 
fatigued-
50k 
Count 
Total % 
Col % 
Row % 
25 
17.86 
34.25 
52.08 
3 
2.14 
42.86 
6.25 
20 
14.29 
33.33 
41.67 
48 
34.29 
fatigued-
100k 
Count 
Total % 
Col % 
Row % 
18 
12.86 
24.66 
40.91 
4 
2.86 
57.14 
9.09 
22 
15.71 
36.67 
50.00 
44 
31.43 
 Total 73 
52.14 
7 
5.00 
60 
42.86 
140 
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To determine the significance difference between the groups, Likelihood Ratio and 
Pearson tests were performed. The results in Table 46 and Figure 112 show there is no 
significant difference between groups (p>0.05).   
 
    Table 46: Likelihood Ratio and Pearson Test Results for Failure Mode Analysis        
                                                        by Post-Treatment (SRIC) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare Prob>ChiSq 
Likelihood Ratio 9.049 0.0599 
Pearson 6.936 0.1393 
Figure 112: Mosaic Plot for Contingency Analysis of Failure Mode by  
                                               Post-treatment (SRIC) 
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4.4 Statistical Analysis for Cement-Retained CAD/CAM Implant Crowns 
    4.4.1 One-way Analysis of Failure Load for Cement-Retained CAD/CAM Implant Crown 
(CRIC) 
4.4.1.1 One-way Analysis of Failure Load by Crown Material 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the crown 
material as the factor. Alpha is set at 0.05. The results in Table 47 show a significant 
difference between groups (p<0.05).   
             Table 46: ANOVA for the Failure Load by Crown Material (CRIC)                                                              
 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 48 and Figure 113. The results show IPS e-max CAD crowns have a significant 
higher failure load than Vita Enamic and Vita Mark II crowns. 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Crown 
Material 
2 13563324 6781662 29.8901 <.0001* 
Error 48 10890558 226887   
C. Total 50 24453881    
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            Table 48: Tukey HSD Test Results for Failure Load by Crown Material 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                  
 
 
 
 
                                
 
 
 
Abs(Dif)-
HSD 
IPS e-max 
CAD 
Vita Enamic Vita Mark II 
IPS e-max 
CAD 
-395.13 632.61 750.49 
Vita Enamic 632.61 -407.29 -289.59 
Vita Mark II  750.49 -289.59 -384.00 
Figure 113: Bar graph - Mean (Load to failure (N)) By Crown Material   
                                                              (CRIC)   
A 
B B 
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4.4.1.2 One-way Analysis of Failure Load by Abutment Material 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the abutment 
material (Zirconia and Enamic abutments) as the factor. Alpha is set at 0.05.  
The results in Table 49 show a significant difference between groups (p<0.05).   
 
     Table 49: ANOVA for the Failure Load by Abutment Material (CRIC) 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 50 and Figure 114. The results show Zr abutments have higher failure load than 
Enamic abutment.  
 
 
 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Abutment
Material 
1 4753138 4753138 11.8221 0.0012* 
Error 49 19700743 402056   
C. Total 50 24453881    
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             Table 50: Tukey HSD Test Results for Failure Load by Abutment      
                                                       Material(CRIC) 
  
 
 
 
 
                     *Positive values show pairs of means that are significantly different. 
 
                                    
                                 
 
 
 
                                
 
 
 
 
 
 
 
Abs(Dif)-HSD Zirconia 
Abutment 
Zirconia 
Abutment 
Zirconia Abutment -313.70 265.45 
Enamic Abutment 265.45 -424.75 
Figure 114: Bar graph - Mean (Load to Failure (N)) By Abutment 
                                            Material(CRIC) 
A 
B 
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4.4.1.3 One-way Analysis of Failure Load by Post-treatment 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the post-
treatment (Static-dry, Fatigue 100k) as the factor. Alpha is set at 0.05. The results in 
Table 51 show a significant difference between groups (p<0.05).   
 
               Table 51: ANOVA for the Failure Load by Post-Treatment (CRIC) 
 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 52 and Figure 115. The results show fatigued crowns have lower failure load 
than non-fatigue crowns (static-dry group).  
 
 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Post-
treatment 
1 2543018 2543018 5.6870 0.0210* 
Error 49 21910863 447160   
C. Total 50 24453881    
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    Table 52: Tukey HSD Test Results for Failure Load by Post-Treatment (CRIC) 
  
 
 
 
 
        *Positive values show pairs of means that are significantly different. 
                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abs(Dif)-
HSD 
static-dry fatigued-100k 
static-dry -346.98 71.37 
fatigued-100k 71.37 -414.72 
Figure 115: Bar graph - Mean (Load to Failure (N)) By Post-treatment 
                                                   (CRIC) 
A 
B 
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4.4.1.4 One-way Analysis of Failure Load by Restoration 
 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the restoration as 
the factor. Alpha is set at 0.05. The results in Table 53 show a significant difference 
between groups (p<0.05). 
     Table 53: ANOVA for the Failure Load by Restoration (CRIC) 
 
 In order to determine which specific group means are different, a comparison for all pairs 
 using Tukey-Kramer HSD test, with alpha=0.05 was performed. The results of the test  
  are shown in Table 54 and Figure 116. The results show the IPS e-max CAD/ Zirconia   
  Abutment restorations have a higher failure load than the other two restorations. 
 
 
 
 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Restoration 2 13563324 6781662 29.8901 <.0001* 
Error 48 10890558 226887   
C. Total 50 24453881    
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          Table 54: Tukey HSD test results for failure load by Restoration (CRIC) 
                *Positive values show pairs of means that are significantly different 
                           
                             
 
                         
 
 
 
 
 
 
 
                                  
Abs(Dif)-HSD IPS e-max CAD/ 
Zirconia 
Abutment 
Vita Enamic/ 
Zirconia 
Abutment 
Vita Mark II/ 
Enamic 
Abutment 
IPS e-max CAD/ 
Zirconia Abutment 
-395.13 632.61 750.49 
Vita Enamic/ 
Zirconia Abutment 
632.61 -407.29 -289.59 
Vita Mark II/ 
Enamic Abutment 
750.49 -289.59 -384.00 
Figure 116: Bar graph - Mean (Load to Failure (N)) By Restoration 
                                                   (CRIC) 
B 
 
B 
 
B 
 
A 
 
A 
 
A 
 
A 
B 
 
B 
 
B 
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4.4.1.5 One-way Analysis of Failure Load by Post- treatment for IPS e-max    
CAD/Zirconia Abutment  
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the post-
treatment (Static-dry, Fatigue 100k) as the factor, while the restoration is IPS e-max 
CAD/ Zirconia abutment. Alpha is set at 0.05. The results in Table 55 show a significant 
difference between groups (p<0.05).   
        Table 55: ANOVA the Failure Load by Post- treatment for IPS e-max    
                                                   CAD/Zirconia Abutment                                  
 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD, with alpha=0.05 was performed. The results of the test are shown in 
Table 56 and Figure 117. The results show the non-fatigue IPS e-max /Zr abutment 
restorations have higher failure load than the fatigue ones. 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Post-
treatment 
1 1877874.8 1877875 5.7752 0.0296* 
Error 15 4877422.0 325161   
C. Total 16 6755296.8    
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  Table 56: Tukey HSD Test Results for Failure Load by Post- treatment for IPS       
                                                   e-max CAD/Zirconia Abutment                                  
  
 
 
 
 
                    *Positive values show pairs of means that are significantly different. 
 
 
                               
 
 
 
 
 
 
 
 
 
 
 
Abs(Dif)-
HSD 
static-dry fatigued-100k 
static-dry -543.55 76.36 
fatigued-100k 76.36 -649.67 
Figure 117: Bar graph - Mean (Load to failure (N)) By Post-treatment for 
                                 IPS e-max/ CAD/Zirconia Abutment                                     
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4.4.1.6 One-way Analysis of Failure Load by Post- treatment for Vita Enamic/Zirconia 
Abutment 
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the post-
treatment (Static-dry, Fatigue 100k) as the factor, while the restoration is Vita Enamic/ 
Zirconia abutment. Alpha is set at 0.05. The results in Table 57 show there is no 
significant difference between groups (p>0.05). 
              Table 57: ANOVA for the failure load by Post- treatment for Vita 
                                                     Enamic/Zirconia Abutment          
 
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 58 and Figure 118. The results show that the failure load of non-fatigue and 
fatigue Vita Enamic /Zr abutment restorations are comparable.  
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > 
F 
Post-
treatment 
1 62519.43 62519.4 1.0267 0.3281 
Error 14 852501.29 60892.9   
C. Total 15 915020.72    
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       Table 58: Tukey HSD Test Results for Failure Load by Post- treatment for Vita 
                                                   Enamic/Zirconia Abutment          
  
 
 
 
 
                     *Positive values show pairs of means that are significantly different. 
                               
  
 
 
 
 
 
 
   
 
 
 
 
 
Abs(Dif)-
HSD 
static-dry fatigued-100k 
static-dry -305.57 -144.19 
fatigued-100k -144.19 -236.69 
Figure 118: Bar graph - Mean (Load to Failure (N)) By Post-treatment for 
                                 Vita Enamic/Zirconia Abutment    
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  4.4.1.7 One-way Analysis of Failure Load by Post- treatment for Vita Mark II/    Enamic 
Abutment  
To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with failure load as the dependent variable and the post-
treatment (Static-dry, Fatigue 100k) as the factor, while the restoration is Vita Mark II / 
Enamic abutment. Alpha is set at 0.05. The results in Table 59 show a significant 
difference between groups (p<0.05).   
     Table 59: ANOVA for the failure load by Post- treatment for Vita Mark II/      
                                                          Enamic Abutment 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05 was performed. The results of the test are shown 
in Table 60 and Figure 119. The results show that the non-fatigue Vita Mark II /Enamic 
abutment restorations have higher failure load than the fatigue ones. 
 
 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > F 
Post-
treatment 
1 2370402.5 2370403 44.6279 <.0001* 
Error 16 849837.7 53115   
C. Total 17 3220240.3    
126 
Figure 119: Bar graph - Mean (Load to Failure (N)) By Post-treatment for 
                                 Vita Mark II/ Enamic Abutment 
   Table 60: Tukey HSD Test Results for Failure Load by Post- treatment for Vita   
                                                     Mark II/ Enamic Abutment 
  
 
 
 
 
                          *Positive values show pairs of means that are significantly different. 
                               
 
 
      
 
 
 
 
 
 
 
 
 
 
Abs(Dif)-
HSD 
static-dry fatigued-100k 
static-dry -218.49 498.55 
fatigued-100k 498.55 -244.28 
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4.4.2 Survival Analysis for Cement-Retained CAD/CAM Implant Crowns 
4.4.2.1 Survival Analysis of Failure Load by Crown Material    
For survival analysis of the failure load, Log-Rank and Wilcoxon tests were performed to 
test the null hypothesis of no different of survival between groups. The results of these 
tests by crown material are shown in Table 61 and Figure 120. The results show a 
significant difference between groups (p<0.05).   
             Table 61: Log-Rank and Wilcoxon Test Results for Survival Analysis by 
                                                     Crown Material (CRIC)  
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare DF Prob>ChiSq 
Log-Rank 33.3148 2 <.0001* 
Wilcoxon 24.4297 2 <.0001* 
Figure 120: Survival Plot by Crown Material (CRIC) 
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4.4.2.2 Survival Analysis of Failure Load by Abutment Material 
For survival analysis of the failure load, Log-Rank and Wilcoxon tests were performed to 
test the null hypothesis of no different of survival between groups. The results of these 
tests by abutment material are shown in Table 62 and Figure 121. The results show a 
significant difference between groups (p<0.05).   
   Table 62: Log-Rank and Wilcoxon Test Results for Survival Analysis by   
                                               Abutment Material (CRIC)         
 
 
 
 
 
 
 
 
 
 
 
 
         Test ChiSquare DF Prob>ChiSq 
Log-Rank 12.5773 1 0.0004* 
Wilcoxon 11.3151 1 0.0008* 
Figure 121: Survival Plot by Abutment Material (CRIC) 
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4.4.2.3 Survival Analysis of Failure Load by Post-treatment 
For survival analysis of the failure load, Log-Rank and Wilcoxon tests were performed to 
test the null hypothesis of no different of survival between groups. The results of these 
tests by Post-treatment are shown in Table 63 and Figure 122. The results show a 
significant difference between groups (p<0.05).   
 
Table 63: Log-Rank and Wilcoxon Test Results for Survival Analysis by Post-   
                                                          Treatment (CRIC) 
  
 
 
 
 
 
 
 
 
 
 
Test ChiSquare DF Prob>ChiSq 
Log-Rank 5.6770 1 0.0172* 
Wilcoxon 6.2332 1 0.0125* 
Figure 122: Survival Plot by Post-treatment in CRIC 
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4.4.3 Failure Mode Analysis for Cement-Retained CAD/CAM Implant Crowns 
4.4.3.1 Contingency Analysis of Failure Mode by Crown Material 
Contingency analysis of failure mode analysis was performed for different crown 
material. Three types of failure mode [Catastrophic (>2pc), pre-testing failure, and 
Catastrophic(2pc)] with their percentages (Total, column, and row) are shown in Table 
64.  
        Table 64: Contingency Table of Failure Mode by Crown Material (CRIC) 
 
 
 
Group  Catastrophic 
(>2pc) 
Pre-testing 
Failure 
Catastrophic 
(2pc) 
Total 
IPS e-max 
CAD 
Count 
Total % 
Col % 
Row % 
11 
16.18 
29.73 
55.00 
3 
4.41 
17.65 
15.00 
6 
8.82 
42.86 
30.00 
20 
29.41 
Vita 
Enamic 
Count 
Total % 
Col % 
Row % 
10 
14.71 
27.03 
41.67 
8 
11.76 
47.06 
33.33 
6 
8.82 
42.86 
25.00 
24 
35.29 
Vita 
MarkII 
Count 
Total % 
Col % 
Row % 
16 
23.53 
43.24 
66.67 
6 
8.82 
35.29 
25.00 
2 
2.94 
14.29 
8.33 
24 
35.29 
 Total 37 
54.41 
17 
25.00 
14 
20.59 
68 
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To determine the significance difference between the groups, Likelihood Ratio and 
Pearson tests were performed. The results in Table 65 and Figure 123 show there is no 
significant difference between groups (p>0.05). 
     Table 65: Likelihood Ratio and Pearson Test Results for Failure Mode Analysis 
                                                   by Crown Material (CRIC) 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Test ChiSquare Prob>ChiSq 
Likelihood Ratio 6.167 0.1870 
Pearson 5.685 0.2239 
Figure 123: Mosaic Plot for Contingency Analysis of Failure Mode  
                                  by Crown Material (CRIC) 
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4.4.3.2 Contingency Analysis of Failure Mode by Abutment Material 
Contingency analysis of failure mode analysis was performed for different abutment 
material. Three types of failure mode [Catastrophic (>2pc), pre-testing failure, and 
catastrophic(2pc)] with their percentages (Total, column, and row) are shown in Table 
66. 
    Table 66: Contingency Table of Failure Mode by Abutment Material (CRIC) 
 
To determine the significance difference between the groups, Likelihood Ratio and 
Pearson tests were performed. The results in Table 67 and Figure 124, show there is no 
significant difference between groups (p>0.05).   
 
 
 
Group  Catastrophic 
(>2pc) 
Pre-testing 
Failure 
Catastrophic 
(2pc) 
Total 
Enamic 
Abutment 
Count 
Total % 
Col % 
Row % 
16 
23.53 
43.24 
66.67 
6 
8.82 
35.29 
25.00 
2 
2.94 
14.29 
8.33 
24 
35.29 
Zirconia 
Abutment 
Count 
Total % 
Col % 
Row % 
21 
30.88 
56.76 
47.73 
11 
16.18 
64.71 
25.00 
12 
17.65 
85.71 
27.27 
44 
64.71 
 Total 37 
54.41 
17 
25.00 
14 
20.59 
68 
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Table 67: Likelihood Ratio and Pearson Test Results for Failure Mode Analysis 
                                              By Abutment material (CRIC) 
                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare Prob>ChiSq 
Likelihood Ratio 4.125 0.1271 
Pearson 3.729 0.1549 
Figure 124: Mosaic Plot for Contingency Analysis of Failure Mode  
                                  by Abutment Material (CRIC) 
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4.4.3.3 Contingency Analysis of Failure Mode by Post-treatmen 
Contingency analysis of failure mode analysis was performed for post treatment. Three 
types of failure mode [Catastrophic(>2pc), pre-testing failure, and catastrophic(2pc)] with 
their percentages (Total, column, and row) are shown in Table 68. 
 
        Table 68: Contingency Table of Failure Mode by Post-treatment (CRIC) 
 
To determine the significance difference between the groups, Likelihood Ratio and 
Pearson tests were performed. The results in Table 69 and Figure 125, show there is 
significant difference between groups (p<0.05).   
         
 
 
Group  Catastrophic 
(>2pc) 
Pre-testing 
Failure 
Catastrophic 
(2pc) 
Total 
static-dry Count 
Total % 
Col % 
Row % 
17 
25.00 
45.95 
56.67 
0 
0.00 
0.0 
0.00 
13 
19.12 
92.86 
43.33 
30 
44.12 
fatigued-
100k 
Count 
Total % 
Col % 
Row % 
20 
29.41 
54.05 
52.63 
17 
25.00 
100.00 
44.74 
1 
1.47 
7.14 
2.63 
38 
55.88 
 Total 37 
54.41 
17 
25.00 
14 
20.59 
68 
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Table 69: Likelihood Ratio and Pearson Test Results for Failure Mode Analysis  
by Post-treatment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Test ChiSquare Prob>ChiSq 
Likelihood Ratio 35.070 <.0001* 
Pearson 26.961 <.0001* 
Figure 125: Mosaic Plot for Contingency Analysis of Failure Mode  
                                      by Post-treatment (CRIC) 
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4.5 Scanning Electron Microscope and Dispersive X-ray Analysis (SEM/EDS) 
 
 4.5.1 SEM/EDS for Screw-Retained CAD/CAM Implants Crowns 
 4.5.1.1 SEM/EDS for IPS e-max CAD Implant Crowns/Composite Seal 
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Figure 126: IPS e-max CAD/ Composite seal, occlusal surface 
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Figure 126: IPS e-max CAD/ Composite seal, occlusal surface 
 
Figure 126: IPS e-max CAD/ Composite seal, occlusal surface 
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Figure 127: IPS e-max CAD/ Co posite seal, Middle area 
 
Figure 127: IPS e-max CAD/ Co posite seal, Middle area 
 
Figure 127: IPS e-max CAD/ Composite seal, Middle area 
137 
Figure 126 shows multiple cracks that originate near the screw hole on the occlusal 
surface of the crown.  These cracks are indicative of stress concentration caused by the 
ball during compressive test. These cracks fade away toward the middle of the crown 
because this area is far from the applied load.  Also, Figure 127 shows area close to the 
screw hole, but away from the occlusal surface. This area is free of cracks too. This 
means the area close to screw hole and occlusal surface has the most stress concentration.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cement  
 
Cement  
 
Cement  
 
Cement  
 
Cement  
 
Cement  
 
Cement  
 
Crack  
 
Crack  
 
Crack  
 
Crack  
 
Figure 128: IPS e-max CAD/ Composite Seal, Crack within the Ceramic 
 
Figure 128: IPS e-max CAD/ Composite Seal, Crack within the Ceramic 
 
Figure 128: IPS e-max CAD/ Composite Seal, Crack within the Ceramic 
 
Figure 128: IPS e-max CAD/ Composite Seal, Crack within the Ceramic 
Figure 129: IPS e-max CAD/ Composite Seal, Close up of the Crack 
 
Figure 129: IPS e-max CAD/ Composite Seal, Close up of the Crack 
 
138 
In Figure 128, a chipped piece of ceramic can be seen at the bottom of the crown. Also, a 
crack that extends up from the chipped piece can be seen. This crack indicates a cohesive 
failure within the ceramic. Figure 129 with higher magnification (500×) shows close up 
of the crack through the ceramic.  
 
 
 
 
 
 
 
 
 
 
 
Figure 130 with higher magnification (5000x) shows the bonding interface of IPS e.max 
CAD ceramic and the resin cement. It can be seen ceramic crystals on the left and cement 
on the right. It shows a good bond between the ceramic and the cement without 
detectable gap and bubble.    
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Figure 130: IPS e-max CAD/ Composite seal, Ceramic and Cement Junction 
 
Figure 130: IPS e-max CAD/ Composite seal, Ceramic and Cement Junction 
 
Figure 130: IPS e-max CAD/ Composite seal, Ceramic and Cement Junction 
 
Figure 130: IPS e-max CAD/ Composite seal, Ceramic and Cement Junction 
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EDS microanalysis was done for the area seen in Figure 131 in order to confirm the 
different components seen in the SEM picture.  
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Figure 131: IPS e-max CAD/ Co posite seal, Ceramic, Tibase, and Composite  
                                                              Junction 
 
Figure 131: IPS e-max CAD/ Composit  seal, Ceramic, Tibase, and Composite  
                                                               Junction 
 
Figure 131: IPS e-max CAD/ Co posite seal, Ceramic, Tibase, and Composite  
                                                              Junction 
 
Figure 131: IPS e-max CAD/ Composite seal, Ceramic, Tibase, and Composite  
                                                               Junction 
Figure 132: SEM image of IPS e-max CAD Implant Crowns/Composite, Analysis  
                                                       Areas for EDS 
 
Figure 132: SEM image of IPS e-max CAD Implant Crowns/Composite, Analysis  
                                                       Areas for EDS 
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Based on the high presence and weight percentage of titanium, aluminum and vanadium, 
TiBase (Ti-6Al-4V) was confirmed as a component in the area of Spectrum ID 389 in 
Figure 133.  
 
 
 
Figure 133: Spectrum ID 389 (TiBase) 
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Figure 133: Spectrum ID 389 (TiBase) 
 
Figure 133: Spectrum ID 389 (TiBase) 
Figure 134: Spectrum ID 390 
(Cement) 
 
Figure 134: Spectrum ID 390 
(Cement) 
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Based on the high presence and weight percentage of ytterbium, barium, titanium and 
other elements, Hybrid Multilink Cement was confirmed as a component in the area of 
Spectrum ID 390 in Figure 134.  
 
 
 
 
 
 
 
 
 
 
Based on the high presence and weight percentage of silica, Carbon, potassium, 
aluminum, phosphorus, and other elements, lithium disilicate glass ceramic was 
confirmed as a component in the area of Spectrum ID 391 in Figure 135.  
 
 
 
 
 
 
Figure: Spectrum ID 390 (Cement) 
 
Figure: Spectrum ID 390 (Cement) 
 
Figure: Spectrum ID 390 (Cement) 
 
Figure: Spectrum ID 390 (Cement) 
Figure 135: Spectrum ID 391 (Ceramic) 
 
Figure 135: Spectrum ID 391 (Ceramic) 
 
Figure 135: Spectrum ID 391 (Ceramic) 
 
Figure 135: Spectrum ID 391 (Ceramic) 
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Based on the high presence and weight percentage of Carbon, Cotton roll fiber was 
confirmed as a component in the area of Spectrum ID 392 in Figure 136. 
 
 
 
 
          
 
 
 
 
 
 
Figure 136: Spectrum ID 392 (Cotton Fiber) 
 
Figure 136: Spectrum ID 392 (Cotton Fiber) 
 
Figure 136: Spectrum ID 392 (Cotton Fiber) 
 
Figure 136: Spectrum ID 392 (Cotton Fiber) 
Figure 137: Spectrum ID 393 (Composite) 
 
Figure 137: Spectrum ID 393 (Composite) 
 
Figure 137: Spectrum ID 393 (Composite) 
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Based on the high presence and weight percentage of silica, Carbon, ytterbium, fluoride 
zirconia, and other elements, Filtek Bulk Fill Composite resin was confirmed as a 
component in the area of Spectrum ID 393 and 394 in Figure 137 and 138. 
 
 
 
 
 
 
 
 
Figure 138: Spectrum ID 394 (Composite) 
 
Figure 138: Spectrum ID 394 (Composite) 
 
Figure 138: Spectrum ID 394 (Composite) 
 
Figure 138: Spectrum ID 394 (Composite) 
144 
 4.5.1.2 SEM/EDS for IPS e-max CAD Implant Crowns/ Enamic Inlay Seal 
 
      
 
 
 
 
 
 
 
 
 
 
Figure 139 shows part of the IPS e-max CAD crown attached to the TiBase and the 
Enamic Inlay. In this image, no gap formed between the IPS e-max CAD crown and 
TiBase while there is a gap between the IPS e-max CAD crown and the Enamic inlay. 
This means the bond between the crown and the TiBase is better than the bond between 
the crown and the Enamic inaly.  
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Figure 139: IPS e-max CAD/ Enamic inlay, Ceramic, Tibase, and Enamic Inlay 
                                                               Junction 
 
Figure 139: IPS e-max CAD/ Enamic inlay, Ceramic, Tibase, and Enamic Inlay 
                                                               Junction 
 
Figure 139: IPS e-max CAD/ Enamic inlay, Ceramic, Tibase, and Enamic Inlay 
                                                               Junction 
 
Figure 139: IPS e-max CAD/ Enamic inlay, Ceramic, Tibase, and Enamic Inlay 
                                                               Junction 
Gap 
 
Gap 
 
Gap 
 
Gap 
145 
 
 
 
 
 
 
 
 
 
 
 
Figure 140 shows close up of the gap formed between the IPS e-max CAD crown and the 
Enamic inlay. This indicates a bad IPS e-max CAD crown/Enamic inlay junction. A layer 
of the cement can be seen on the surface of the inlay.  
 
 
 
 
 
 
 
 
Figure 140: IPS e-max CAD/ Enamic inlay, Ceramic and Enamic Inlay Junction 
 
Figure 140: IPS e-max CAD/ Enamic inlay, Ceramic and Enamic Inlay Junction 
 
Figure 140: IPS e-max CAD/ Enamic inlay, Ceramic and Enamic Inlay Junction 
 
Figure 140: IPS e-max CAD/ Enamic inlay, Ceramic and Enamic Inlay Junction 
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EDS microanalysis was done for the area seen in Figure 141 in order to confirm the 
different components seen in the SEM picture.  
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Figure 142: SEM image of IPS e-max CAD Implant Crowns/Enamic, Analysis  
                                                          Areas for EDS 
 
Figure 142: SEM image of IPS e-max CAD Implant Crowns/Enamic, Analysis  
                                                          Areas for EDS 
Figure 141: IPS e-max CAD/ Enamic inlay, Ceramic, TiBase and Enamic Inlay  
                                                            Junction 
 
Figure 141: IPS e-max CAD/ Enamic inlay, Ceramic, TiBase and Enamic Inlay  
                                                            Junction 
 
Figure 141: IPS e-max CAD/ Enamic inlay, Ceramic, TiBase and Enamic Inlay  
                                                            Junction 
 
Figure 141: IPS e-max CAD/ Enamic inlay, Ceramic, TiBase and Enamic Inlay  
                                                            Junction 
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Figure 143: Spectrum ID 404 (Cement) 
 
Figure 143: Spectrum ID 404 (Cement) 
 
Figure 143: Spectrum ID 404 (Cement) 
 
Figure 143: Spectrum ID 404 (Cement) 
Figure 144: Spectrum ID 405 (Cement) 
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Figure 144: Spectrum ID 405 (Cement) 
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Figure: Spectrum ID 405 (Cement) 
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Figure: Spectrum ID 405 (Cement) 
 
Figure 145: Spectrum ID 407 (Cement) 
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Figure 145: Spectrum ID 407 (Cement) 
Figure 146: Spectrum ID 408 (Cement) 
 
Figure 146: Spectrum ID 408 (Cement) 
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Figure 146: Spectrum ID 408 (Cement) 
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Based on the high presence and weight percentage of ytterbium, Barium, Titanium and 
other elements, Hybrid Multilink Cement was confirmed as a component in the area of 
Spectrum ID 404,405,407,408 in Figure 143,144,145, and 146.  
The Enamic components were hard to detect as the cement covered all the outer surface 
of the Enamic inaly.  
 
 
 
 
 
 
 
 
Based on the presence and weight percentage of titanium, aluminum and vanadium, 
TiBase (Ti-6Al-4V) was confirmed as a component in the area of Spectrum ID 411 in 
Figure 147.  
 
Figure 147: Spectrum ID 411 (Tibase) 
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Figure 147: Spectrum ID 411 (Tibase) 
 
Figure 147: Spectrum ID 411 (Tibase) 
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Based on the presence and weight percentage of silica, carbon, potassium, aluminum, 
phosphorus, and other elements, lithium disilicate glass ceramic was confirmed as a 
component in the area of Spectrum ID 412 in Figure 148. 
 
 
 
 
 
 
 
 
 
 
 
Figure 148: Spectrum ID 412 (Ceramic) 
 
Figure 148: Spectrum ID 412 (Ceramic) 
 
Figure 148: Spectrum ID 412 (Ceramic) 
 
Figure 148: Spectrum ID 412 (Ceramic) 
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  4.5.1.3 SEM/EDS for Vita Enamic Implant Crown/Composite Seal 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 149 shows part of the Vita Enamic crown attached to the TiBase and the 
composite seal. In this image, a gap between the Vita Enamic crown and TiBase and the 
composite seal can be seen. Also, deformation in composite seal due to the applied load 
can be seen in this image.  
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Figure 149: Vita Enamic Crown/ Composite Seal, Ceramic, Tibase, and  
                                            Composite Seal Junction                     
 
Figure 149: Vita Enamic Crown/ Composite Seal, Ceramic, Tibase, and  
                                            Composite Seal Junction                     
 
Figure 149: Vita Enamic Crown/ Composite Seal, Ceramic, Tibase, and  
                                            Composite Seal Junction                     
 
Figure 149: Vita Enamic Crown/ Composite Seal, Ceramic, Tibase, and  
                                            Composite Seal Junction                     
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Figure 150 shows the bottom of the TiBase with chipped parts of Vita Enamic crown. A 
layer of cement can be see along the outer surface of the TiBase. EDS microanalysis was 
done for this area in order to confirm the different components seen in this image.  
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Figure 150: Vita Enamic Crown/ Composite Seal, Ceramic and Tibase Junction 
 
Figure 150: Vita Enamic Crown/ Composite Seal, Ceramic and Tibase Junction 
 
Figure 150: Vita Enamic Crown/ Composite Seal, Ceramic and Tibase Junction 
 
Figure 150: Vita Enamic Crown/ Composite Seal, Ceramic and Tibase Junction 
Figure 151: SEM image of Vita Enamic Implant Crowns/Composite, Analysis  
                                                            Areas for EDS 
 
Figure 151: SEM image of Vita Enamic Implant Crowns/Composite, Analysis  
                                                            Areas for EDS 
153 
 
 
 
 
 
 
 
 
 
Based on the high presence and weight percentage of silica, Carbon, potassium, sodium, 
aluminum, and other elements, Vita Enamic ceramic was confirmed as a component in 
the area of Spectrum ID 431 in Figure 152. 
 
 
 
 
 
 
 
 
 
 
Figure: Spectrum ID 431 (Ceramic) 
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Figure: Spectrum ID 431 (Ceramic) 
Figure 152: Spectrum ID 431 (Ceramic) 
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Figure 152: Spectrum ID 431 (Ceramic) 
Figure 153: Spectrum ID 432 (Tibase) 
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Figure 153: Spectrum ID 432 (Tibase) 
 
154 
 
 
 
 
 
 
 
 
 
 
Based on the high presence and weight percentage of titanium, aluminum and vanadium, 
TiBase (Ti-6Al-4V) was confirmed as a component in the area of Spectrum ID 432 and 
434 in Figure 152 and 154.  
 
 
 
 
 
 
 
 
 
Figure 155: Spectrum ID 433 (Cement) 
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Figure 155: Spectrum ID 433 (Cement) 
Figure 154: Spectrum ID 434 (Tibase) 
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Figure 154: Spectrum ID 434 (Tibase) 
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Based on the high presence and weight percentage of ytterbium, Barium, Titanium and 
other elements, Hybrid Multilink Cement was confirmed as a component in the area of 
Spectrum ID 433 in Figure 155. 
 4.5.1.4 SEM/EDS for Vita Enamic Implant Crown/Enamic inlay 
 
 
 
 
 
 
 
 
 
 
 
Figure 156 shows part of the Vita Enamic crown attached to the TiBase and the Enamic 
inaly. In this image, no gap between the Vita Enamic crown, TiBase and the Vita Enamic 
crown and the Enamic inlay can be seen.  
 
Figure 156: Vita Enamic Crown/ Enamic inlay,Ceramic, Tibase, and Enamic  
                                                    Inlay Junction        
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                                                    Inlay Junction        
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                                                    Inlay Junction        
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Figure 157 shows the junction between the Vita Enamic crown and Enamic inaly near the 
occlusal surface. A crack and deformation in the Enamic Inlay can be seen in this image. 
These crack and deformation caused by the ball during compressive test. In Contrast to 
Vita Enamic crown and composite seal group, a good bond can be seen between the Vita 
Enamic crown and the Enamic inlay.  
Figure: Vita Enamic Crown/ Enamic inlay, 
            Ceramic and Enamic inlay junction 
 
Figure: Vita Enamic Crown/ Enamic inlay, 
            Ceramic and Enamic inlay junction 
 
Figure: Vita Enamic Crown/ Enamic inlay, 
            Ceramic and Enamic inlay junction 
 
Figure: Vita Enamic Crown/ Enamic inlay, 
            Ceramic and Enamic inlay junction 
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Figure 157: Vita Enamic Crown/ Enamic inlay,Ceramic and Enamic inlay junction 
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Figure 157: Vita Enamic Crown/ Enamic inlay,Cera ic and Enamic inlay junction 
 
Figure 157: Vita Enamic Crown/ Enamic inlay,Ceramic and Enamic inlay junction 
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EDS microanalysis was done for the area in Figure 158 in order to confirm the different 
components seen in this SEM image. 
 
 
 
 
 
 
 
 
 
 
Figure 158: Vita Enamic Crown/ Enamic inlay, Ceramic and TiBase junction 
 
Figure 158: Vita Enamic Crown/ Enamic inlay, Ceramic and TiBase junction 
 
Figure 158: Vita Enamic Crown/ Enamic inlay, Ceramic and TiBase junction 
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Figure 159: SEM image of Vita Enamic Implant Crowns/Enamic, analysis  
                                                       areas for EDS 
 
Figure 159: SEM image of Vita Enamic Implant Crowns/Enamic, analysis  
                                                       areas for EDS 
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Based on the high presence and weight percentage of silica, Carbon, potassium, sodium, 
aluminum, and other elements, Vita Enamic ceramic was confirmed as a component in 
the area of Spectrum ID 418 in Figure 160. 
 
 
 
 
 
 
 
 
 
 
Figure 160: Spectrum ID 418 (Ceramic) 
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Figure 160: Spectrum ID 418 (Ceramic) 
 
Figure 160: Spectrum ID 418 (Ceramic) 
Figure 161: Spectrum ID 419 (TiBase) 
 
Figure 161: Spectrum ID 419 (TiBase) 
 
Figure 161: Spectrum ID 419 (TiBase) 
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Based on the presence and weight percentage of titanium, aluminum and vanadium, 
TiBase (Ti-6Al-4V) was confirmed as a component in the area of Spectrum ID 432 and 
419 in Figure 161.  
 
 
 
 
 
 
 
 
 
Based on the presence and weight percentage of ytterbium, Barium, Titanium and other 
elements, Hybrid Multilink Cement was confirmed as a component in the area of 
Spectrum ID 420 in Figure 162.  
 
 
 
 
 
 
 
Figure 162: Spectrum ID 420 (Cement) 
 
Figure 162: Spectrum ID 420 (Cement) 
 
Figure 162: Spectrum ID 420 (Cement) 
 
Figure 162: Spectrum ID 420 (Cement) 
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4.5.2 SEM/EDS for Cement-retained Implant Crowns 
4.5.2.1 SEM/EDS for IPS e-max CAD Implant Crown / Zr Abutments 
 
 
 
 
 
 
 
 
 
 
Figure 163 shows Zr abutment with spots of cement. This indicates cohesive failure 
within the cement layer. EDS microanalysis was done for the area in Figure 163 in order 
to confirm the different components seen in this SEM image. 
 
 
 
 
 
 
 
Figure 163: IPS e-max CAD Crown/Zr abutment, Zr abutment with Cement Spots 
 
Figure 163: IPS e-max CAD Crown/Zr abutment, Zr abutment with Cement Spots 
 
Figure 163: IPS e-max CAD Crown/Zr abutment, Zr abutment with Cement Spots 
 
Figure 163: IPS e-max CAD Crown/Zr abutment, Zr abutment with Cement Spots 
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Figure 165: Spectrum ID 367(Cement) 
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Figure 165: Spectrum ID 367(Cement) 
Figure 164: SEM Image of IPS e-max CAD Implant Crowns/Zr Abutment, 
                                              Analysis Areas for EDS     
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Figure 164: SEM Image of IPS e-max CAD Implant Crowns/Zr Abutment, 
                                              Analysis Areas for EDS     
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Based on the high presence and weight percentage of ytterbium, Barium, fluoride and 
other elements, Automix Multilink Cement was confirmed as a component in the area of 
Spectrum ID 367 in Figure 165.  
 
 
 
 
 
 
 
 
 
 
Based on the high presence and weight percentage of zirconia, carbon and oxygen, 
inCoris Zirconia meso was confirmed as a component in the area of Spectrum ID 368 in 
Figure 166.  
 
 
 
 
 
Figure 166: Spectrum ID 368 (Ceramic) 
 
Figure 166: Spectrum ID 368 (Ceramic) 
 
Figure 166: Spectrum ID 368 (Ceramic) 
 
Figure 166: Spectrum ID 368 (Ceramic) 
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4.5.2.2 SEM/EDS for Vita Enamic Implant Crown/ Zr Abutments  
 
 
 
 
 
 
 
 
 
 
 
Figure 167 shows the bottom area of the implant crown where part of Vita Enamic crown 
attaches to the Zr abutment. A gap can be seen at Vita Enamic crown/ Zr abutment 
junction. Also, some cement spots can be seen in this image.  
 
 
 
 
 
 
 
Figure 167: Vita Enamic Crown/Zr abutment,Vita Enamic and Zr Junction 
 
Figure 167: Vita Enamic Crown/Zr abutment,Vita Enamic and Zr Junction 
 
Figure 167: Vita Enamic Crown/Zr abutment,Vita Enamic and Zr Junction 
 
Figure 167: Vita Enamic Crown/Zr abutment,Vita Enamic and Zr Junction 
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Figure 168: SEM image of Vita Enamic Implant Crowns /Zr abutment,   
                                             Analysis Areas for EDS 
 
Figure 168: SEM image of Vita Enamic Implant Crowns /Zr abutment,   
                                             Analysis Areas for EDS 
 
Figure 168: SEM image of Vita Enamic Implant Crowns /Zr abutment,   
                                             Analysis Areas for EDS 
 
Figure 168: SEM image of Vita Enamic Implant Crowns /Zr abutment,   
                                             Analysis Areas for EDS 
Figure 169: Spectrum ID 379 (Ceramic) 
 
Figure 169: Spectrum ID 379 (Ceramic) 
 
Figure 169: Spectrum ID 379 (Ceramic) 
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Based on the high presence and weight percentage of silica, carbon, potassium, sodium, 
aluminum, and other elements, Vita Enamic ceramic phase was confirmed as a 
component in the area of Spectrum ID 379 and 380 in Figure 169 and 170. 
 
 
 
 
 
 
 
 
 
Figure 170: Spectrum ID 380 (Ceramic) 
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Figure 170: Spectrum ID 380 (Ceramic) 
Figure 171: Spectrum ID 381 (Ceramic/cement) 
 
Figure 171: Spectrum ID 381 (Ceramic/cement) 
 
Figure 171: Spectrum ID 381 (Ceramic/cement) 
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Based on the high presence and weight percentage of fluoride and aluminum, Vita 
Enamic were confirmed as a component in the area of Spectrum ID 381 in Figure 171.  
 
 
 
 
 
 
 
 
 
 
Based on the high presence and weight percentage of silica, Carbon, potassium, sodium, 
aluminum, and other elements, Vita Enamic ceramic was confirmed as a component in 
the area of Spectrum ID 382 in Figure 172.  
 
 
 
 
 
 
Figure 172: Spectrum ID 382(Ceramic) 
 
Figure 172: Spectrum ID 382(Ceramic) 
 
Figure 172: Spectrum ID 382(Ceramic) 
 
Figure 172: Spectrum ID 382(Ceramic) 
167 
4.5.2.3 SEM/EDS for Vita Mark II Implant Crown/ Vita Enamic Abutments 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 173 shows the junction between TiBase and Enamic abutment, and between the 
enamic abutment and the Mark II crown. In this group, the TiBase can be seen because 
Enamic abutment failed during the tests. In contrast to Zirconia abutment groups where 
none of Zirconia abutments failed.  
EDS microanalysis was done for the area in Figure 173 in order to confirm the different 
components seen in this SEM image. 
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Figure 173: Vita Mark II Crown/ Vita Enamic abutment, Mark II crown,  
                                  Enamic abutment, and TiBase junction   
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                                  Enamic abutment, and TiBase junction   
 
Figure 173: Vita Mark II Crown/ Vita Enamic abutment, Mark II crown,  
                                  Enamic abutment, and TiBase junction   
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Figure 174: SEM Image of Vita Mark II Implant Crowns/Enamic abutment,  
                                                 Analysis Areas for EDS 
 
Figure 174: SEM Image of Vita Mark II Implant Crowns/Enamic abutment,  
                                                 Analysis Areas for EDS 
 
Figure 174: SEM Image of Vita Mark II Implant Crowns/Enamic abutment,  
                                                 Analysis Areas for EDS 
 
Figure 174: SEM Image of Vita Mark II Implant Crowns/Enamic abutment,  
                                                 Analysis Areas for EDS 
Figure 175: Spectrum ID 448 (Cement) 
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Based on the high presence and weight percentage of ytterbium, Barium, Titanium and 
other elements, Hybride Multilink Cement was confirmed as a component in the area of 
Spectrum ID 448 in Figure 175. 
 
 
 
 
 
 
 
 
 
 
Based on the high presence and weight percentage of Titanium, ytterbium, Barium, and 
other elements, TiBase and Hybride Multilink Cement were confirmed as components in 
the area of Spectrum ID 449 in Figure 176. 
 
 
 
Figure 176: Spectrum ID 449 (Cement/Tibase) 
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Based on the high presence and weight percentage of silica, Carbon, potassium, sodium, 
aluminum, and other elements, Vita Enamic ceramic was confirmed as a component in 
the area of Spectrum ID 450 in Figure 177. 
 
 
 
 
 
 
 
 
 
 
Figure 178: Spectrum ID 451 (Cement) 
Figure 177: Spectrum ID 450 (Ceramic) 
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Based on the high presence and weight percentage of ytterbium, Barium, Titanium and 
other elements, Hybride Multilink Cement was confirmed as a component in the area of 
Spectrum ID 451 in Figure 178. 
 
 
 
 
 
 
 
 
 
 
Based on the high presence and weight percentage of titanium, aluminum and vanadium, 
TiBase (Ti-6Al-4V) was confirmed as a component in the area of Spectrum ID 432 and 
452 in Figure 179.  
 
Figure 179: Spectrum ID 452 (TiBase) 
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Based on the presence and weight percentage of silica, Carbon, potassium, sodium, 
aluminum, and other elements, Vita Enamic ceramic was confirmed as a component in 
the area of Spectrum ID 453 in Figure 180. 
 
 
 
 
 
 
 
 
 
Figure 180: Spectrum ID 453 (Ceramic) 
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 4.6 Fracture Toughness Test 
 4.6.1 Scanning Electron Microscope Images of Indents 
 The images of Vickers indentation in both groups (non-fatigue, fatigue) under the SEM 
can be seen in Figures 181-184. These images represent the indentations that done by 
Vickers indenter using Microhardness Tester (Buehler MicroMet 2003). The length of 
indentation induce cracks was measured by using Quartz PCI software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 181: IPS e-max CAD with Vickers I5 Indentations 
                                    (non-fatigue) 
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Figure 183: IPS e-max CAD with Vickers Indentations 
                                        (fatigue) 
 
 
               
 
 
Figure 182: Cracks Induced by Indentation in IPS e-max CAD  
                                         (non-fatigue) 
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Figure: Cracks induced by indentation in IPS e-max CAD (non fatigue) 
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4.6.2 Statistical Analysis for Fracture Test results 
      The mean fracture toughness, standard deviation [MPa m1/2] for both test groups (non- 
      fatigue, fatigue) was calculated and the results are shown in the Table 70 and Figure 185. 
 
       Table 70: Mean fracture toughness and standard deviation [MPa m1/2]  
 
 
                 GROUP NUMBER MEAN 
 
SD 
 
FATIGUE 13 1.41 0.077 
NON-FATIGUE 20 1.42 0.080 
Figure 184: Cracks Induced by Indentation in IPS e-max CAD    
                                          (fatigue) 
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Figure: Cracks induced by indentation in IPS e-max CAD (fatigue) 
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To analyze the difference between the group means, a one-factor analysis of variance 
(ANOVA) is performed with fracture toughness as the dependent variable and the test 
group as the factor. Alpha is set at 0.05. The results in Table 71 show there is no 
significance difference between the groups (p=0.84) 
 
 
 
 
Figure 185: Bar graph - Mean (Fracture Toughness) of both groups  
 
 
 
 
Figure: Bar graph - Mean (Load to failure (N)) of the static groups 
 (Screw retained CAD/CAM crowns) 
 
 
 
 
Figure 185: Bar graph - Mean (Fracture Toughness) of both groups  
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    Table 71: One-factor analysis of variance for the fracture toughness [MPa m1/2]  
 
In order to determine which specific group means are different, a comparison for all pairs 
using Tukey HSD test, with alpha=0.05. The results of the test are shown in Table 72. 
The results show fracture toughness of non-fatigue IPS e-max CAD and fatigue ones are 
comparable.  
 
Table 72: Fracture Toughness Letter Connection Report (based on Tukey HSD) 
Level Sig. Mean 
Fatigue A 1.41379 
Non-fatigue A 1.41951 
 
 
 
 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob 
>F 
Group 1 0.00025848 
 
0.000258 0.0412 0.8405 
Error 31 0.19450702 0.006274   
C. Total 32   0.19476549    
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CHAPTER 5. DISCUSSION 
The results of this in vitro study support rejecting the null hypothesis that there is 
no difference in failure load between IPS e-max CAD screw-retained implant crown and 
Vita Enamic screw-retained implant crown. The results showed the failure load of IPS e-
max CAD screw-retained implant crown is higher than Vita Enamic screw-retained 
implant crown. The mean failure load of IPS e-max CAD screw-retained implant crown 
was 3384.8 N while Vita Enamic screw-retained implant crown was 2265.1 N.  
The results of this study are in consistent with the results of other in vitro studies. 
De Kok, et. al. studied the initial failure load of different CAD/CAM restorative materials 
including IPS e-max CAD and vita Enamic implant crown after they have been tested in 
Universal testing machine (Instron 6022). Their results showed IPS e-max CAD (2788 N) 
has significantly higher failure load than Vita Enamic (2171 N). 40 This could be 
explained by lithium disilicate crystalline phase. 41 Sotto-mairo, et. al. examined the 
fracture resistance of three different CAD/CAM restorative materials, after thermal and 
mechanical fatigue, including lithium disilicate, IPS e-max CAD.  Data presented lithium 
disilicate and IPS e-max CAD has the highest fracture resistance (2804 N).  28 Dogan, et. 
al. also evaluated the fracture resistance of three different CAD/CAM ceramic materials 
after thermocycling that mimic 5 years of clinical use. Their results showed lithium 
disilicate glass (IPS e.max CAD) has the highest fracture resistance (2645 N). 30  
 The difference in load failure values between these studies and our study is most 
probably due to the difference in the experiment design. However, all these studies 
showed lithium disilicate CAD/CAM restorative material has the highest failure load. 
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In this study, both tested materials (IPS e-max CAD and Vita Enamic) exhibited 
higher failure load than the masticatory force at the molar region that range from 490-800 
N. 42  Therefore, these tested materials most likely have enough failure load resistance to 
be used in the posterior region.  However, it should be noted that the forces applied in 
this study do not represent exactly those found in the clinical situation.   
IPS e-max CAD screw-retained implant crowns showed the highest failure load in 
this study. However, they need to be crystallized in a specific oven, which means more 
investment in equipment and more clinical time.  This is in contradiction with the main 
application of the CEREC system in dentistry that aims to shortening the clinical time.  
On the other hand, Vita Enamic screw-retained implant crowns do not require 
crystallization process. They can be finished and polished with wheels and points for 
smooth surface, which is easy to achieve in short time. Therefore, clinicians should 
consider reduced clinical time, ease of handling, and less investment in equipment when 
choosing a restorative CAD/CAM material.  
  The failure mode of IPS e-max CAD and Vita Enamic screw-retained implant 
crown was evaluated in this study.  The results showed Vita Enamic crowns had more 
catastrophic failure (more than two pieces) than IPS e-max CAD crowns. This finding 
support rejecting the null hypothesis that there is no difference in failure mode between 
IPS e-max CAD screw-retained implant crown and Vita Enamic screw-retained implant 
crown.  
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  In vitro study done by Rosentritt, et.al. showed the composite CAD/CAM crowns 
show more catastrophic failure than ceramic crowns. They stated the failures in material 
are due to contact induced cracks, which was seen in this study.43  
  SEM analysis of the fractured specimens showed multiple cracks that originate 
near the screw hole on the occlusal surface of the crowns.  These cracks are indicative of 
stress concentration caused by the ball during compressive test. All our specimens failed 
through the screw hole area where the cracks found.      
  The difference in values of failure load between IPS e.max CAD and Vita Enamic 
is due to difference in their composition and microstructure.  IPS e.max CAD has highly 
crystalline content (up to 70 vol. % of 0.2-1 μm) integrated in glassy matrix. Vita Enamic 
is dual network structure where the sintered ceramic matrix filled with polymer material. 
The ratio of ceramic to polymer is 86% to 14%. 44 45  
In the screw-retained implant crowns, the most common material used to seal the 
screw access hole is the composite filling. This material has some disadvantages; 
microleakage, rapid wear, and discoloration. 46 47 These disadvantages compromise the 
function and esthetic of the implant restorations.  Although, the improvements of this 
material continue over the years, failures still happen.46 
 Because the integrity of the sealing material of the screw hole is important to 
maintain the function and esthetic of implant restorations and also to reinforce the 
surrounding ceramic, this study was conducted to examine new ceramic sealing material, 
Enamic Inlay, as alternative to composite filling.  
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In the present study, the failure load of screw-retained implant crown sealed with 
composite was compared to the failure load of those sealed with Enamic inlay at static 
failure testing and after cyclic fatigue. 
  Up to date, no published studies compare the failure load of the screw-retained 
implant crowns sealed with composite and those sealed with Enamic inlay. Therefore, our 
study presents a novel concept to compare between these two systems.  
One clinical study done by Mihali, et. al. to assess the clinical performance of a 
ceramic inlay as sealing material for the screw access hole. Their study evaluated the 
wear and the clinical outcomes according to FDI score (Anatomical form, color match, 
marginal adaptation, and marginal discoloration) for implant crowns sealed with 
composite and those sealed with ceramic inlay. After two years of follow-up, they found 
the wear value for the composite fillings and the ceramic inlay is 228.20 μm and 65.20 
μm, respectively. Also, they found more deterioration related to composite than to a 
ceramic inlay. Data obtained from their study indicated using ceramic inlay as a screw 
hole sealing material is predictable and provides more esthetic results.46  
  In the present study, the results support rejecting the null hypothesis that there is 
no difference in failure load between screw-retained implant crowns sealed with 
composite and those sealed with Enamic inlay. The results exhibited the screw-retained 
implant crowns sealed with composite had higher failure load than those sealed with 
Enamic inlay. The mean failure load of the screw-retained implant crown sealed with 
composite was 2925.7 N while those sealed with Enamic inlay was 2731.1 N.  
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   This could be because of the bonding technique of both composite and Enamic 
inlay. In case of Enamic inlay, Multilink Automix cement was used to cement the inlay 
into the screw hole. This cement layer represents a weak area in the junction between the 
sealing material (Enamic inlay) and the crown material.   The Multilink cement has a 
modulus of elasticity (6 ± 0.4 GPa)48 lower than that of IPS e.max CAD (95 ± 5)39 and 
Vita Enamic (30 ± 2)49. When the load is applied, the stress will go beyond the weakest 
point of the junction which is the cement. Therefore, the screw-retained implant crowns 
that were sealed with an Enamic inlay showed lower failure load than those sealed with 
composite.  
   Although the static fracture test is important to initially evaluated the failure 
resistance of the restorative dental materials, the cyclic loading may be considered more 
clinically relevant.  It is important to test the materials after cyclic fatigue because it has 
been shown the materials fail more frequently after cyclic fatigue than at individual static  
load. 50 The cyclic fatigue loading tests aim to evaluate the mechanical durability of the 
dental restorations before any clinical trial to avoid costly involvement upon failure.51 
Also, it is important to consider having an aqueous solution during the cyclic fatigue 
because the wet environment accelerates the degradation of dental ceramics due to the 
corrosion at the grain boundaries. Moreover, the water affects the cement and leads to 
loss the bonding strength which could lead to increase the flexure stress.52 Therefore, in 
this study the failure load was evaluated at static and after cyclic fatigue in a wet 
environment.  
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   In the present study, the null hypothesis that there is no difference in failure load 
of screw-retained implant crowns at static and after cyclic fatigue was rejected for IPS 
e.max CAD screw-retained implant crowns while it was accepted for Vita Enamic screw-
retained implant crowns.   
  Our results showed the mean failure load of IPS e.max CAD crowns increased 
significantly after cyclic fatigue for 50,000 cycles from 3131.7N (static) to 3686.0 N 
(50,000 cycles). After cyclic fatigue for 100,000 cycles, the mean failure load increased 
to 3342.3 N, but it was not significant than the static failure load.  
  As far as we know, there is no published study examined the failure load of 
monolithic IPS e.max CAD after cyclic fatigue for 50,000 or 100,000 cycles at about 
1252.6 N load. Most studies examined the IPS e.max CAD after million cycles and at low 
load (100-400).8 53 
  An explanation for an increase in the failure load of IPS e.max CAD after 50,000 
and 100,000 cycles could be due to the mechanical fatigue that induced more 
crystallization in IPS e.max CAD material. However, further investigations should be 
carried out to prove this explanation.  
    For Vita Enamic screw-retained implant crowns, the mean static failure load was 
2325.1 N and after 50,000 and 100,000 cyclic fatigue was 2309.2 N and 2144.4 N, 
respectively. The data showed the failure load of Vita Enamic was less affected by cyclic 
fatigue. 
   This finding is in consistent with the study done by Aboushelib et. al. that 
showed Vita Enamic has low percentage of reduction in strength (15.75%) after cyclic 
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fatigue as compared to IPS e.max, IPS Empress, Lava Ultimate and Zirconia.53 Also, 
another study by Coldea, et. al. showed polymer-infiltrated ceramic materials retain their 
strength and resist the crack propagation induced by micro-indentations. 54   
  An explanation of our finding could be the ability of polymer matrix in Vita 
Enamic to tolerate the damage caused by fatigue and less brittleness of this material 
compared to brittle glassy matrix in IPS e.max CAD. 53 54 Enamic is an interpenetrating 
phase ceramic material (ceramic and polymer) that might prevent crack growth due to 
interconnected phases.  Also, the ability of the polymer network to absorb  more forces 
than other ceramic. 
  Moreover, this study examined the failure load of cement-retained implant crowns 
at static and after cyclic fatigue (100,000 cycles). The null hypothesis that there is no 
difference in failure load of cement-retained implant crowns at static and after cyclic 
fatigue was rejected for IPS e-max CAD /Zr abutment and Vita Mark II/ Enamic 
abutment groups while it was accepted for Vita Enamic/ Zr abutment group.  
  For IPS e-max CAD /Zr abutment and Vita Mark II/ Enamic abutment cement-
retained implant crowns, the results showed the non-fatigue restorations had higher 
failure load than the fatigue ones. For IPS e-max CAD /Zr abutment, the mean failure 
load for non-fatigue group was 2727.1 N while for fatigue group was 2051.8 N.  
For Vita Mark II/ Enamic abutment, the mean failure load for non-fatigue group was 
1633.5 N while for fatigue group was 903.2 N.  
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  Elshiyab, et.al. showed the failure load of zirconia abutment veneered with IPS 
e.max CAD reduced significantly after thermocycling. Also, they showed none of 
zirconia abutments were fractured. 55 These finding are consistence with our results. This 
decrease in fracture load could be related to the veneer material (IPS e.max CAD) not to 
the abutment. Studies have shown the cyclic fatigue negatively affect the failure load of 
lithium disilicate crowns.  5253 55  
  An in vitro study done by Nogueira, et.al. that used zirconia abutments showed 
the cyclic fatigue (1,000,000 cycles at 0-100 N load) did not alter the fracture resistance 
of IPS e.max Ceram/Zr abutment cement-retained crowns. This difference in the results 
could be due to difference in crown material. They used IPS e.max Ceram which is nano-
fluorapatite glass veneer ceramic. 56 
  For Vita Enamic /Zr abutment cement-retained implant crowns, the results 
showed no significant difference in the failure load of these restorations at static and after 
cyclic fatigue. Data showed the mean failure load for non-fatigue group was 1366.8 N 
while for fatigue group was 1495.9 N. As it mentioned earlier, studies showed the Vita 
Enamic restorative material are least affected by cyclic fatigue. 53 54 Because of the 
composition of resin infiltrated ceramic material, Vita Enamic has damage tolerance 
property which is defined as is “the load-carrying capability of a structure once it has 
been damaged by service loads “.57  
  After cyclic fatigue, the failure load reduced for IPS e.max, and Mark II crowns 
even though they had different abutments. However, the failure load of Enamic crown 
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did not reduce even though it had same abutment as IPS e.max CAD crown. This showed 
that the cyclic fatigue probably has an effect on the crown material not on the abutment.  
  None of zirconia abutments were failed. Both IPS e.max CAD and Vita Enamic 
crowns were fractured either into two or more pieces. The failure happened at the 
abutment-crown interface. This could be explained by high tensile stresses that produced 
at the crown surfaces and initiate cone cracking within the veneer layer. 58   
For Vita Mark II/ Enamic abutment, both the abutment and the crown failed with 
the fracture going through the middle of the abutment and the crown and separating them 
into either two or more pieces from the TiBase. The forces transmitted from the crown to 
the abutment through the cement layer. Because the Enamic abutment has lower strength 
(180 MPa) 26 than the zirconia (900-1200MPa) 22, the fracture happened in the Enamic 
abutments not the zirconia ones.  
The null hypothesis that there is no difference in failure load between Zirconia 
abutment and Enamic abutment was rejected. Data showed zirconia abutment have higher 
failure load than Enamic abutment. The mean failure load for Zr abutment was 1947.8 N 
while for Enamic abutment was 1309.0 N. However, it is still higher than the masticatory 
force in the molar region that ranges from 490-800 N. 42 The Enamic abutment failure 
load fell into this range. At present, there is no published study comparing  zirconia and 
Enamic abutments. Therefore, our study presents a novel concept to compare between 
these two abutment materials. 
  Many studies proved the failure load of Zirconia restorations was superior to other 
all ceramic materials: Yildirim et.al. showed ZrO2 abutments withstood higher failure to 
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fracture than Al2O3 abutments.
59 A systemic review done by Sailer et.al. showed after 5 
years follow up, the high cumulative success rate of zirconia implant abutment 
restorations, when used in the anterior or posterior area.60 
  On the other hand, studies showed the Zirconia restorations are significantly 
affected by cyclic fatigue. Aboushelib et.al. found the dynamic fatigue significantly 
reduce the initial fracture strength of Zirconia by 34% reduction in strength. 53 This is in 
contrast to Enamic restorations that are least affected by cyclic fatigue as previously  
mentioned. 53 54 The presence of polymer network in Enamic helps to absorb stress 
energy more than other ceramic materials.   
   The zirconia has stress-induced transformation toughness mechanism, that means 
it resists the crack growth by compressive stresses that produced as a result of structure 
transformation from tetragonal to monolithic phase.52 However, if the fatigue load exceed 
a certain threshold (>1000 N), initial cracks from quasi plastic zone developed and lead 
to strength degradation. 52 
  The main goal of measuring the failure load of the materials is to determine a 
material’s ability to resist forces that may be experienced in the mouth. The results of this 
study showed that both tested materials (zirconia and Enamic abutments) under the test 
conditions had failure loads that generally fall within the range estimated to endure the 
occlusal forces in posterior area of the mouth. Therefore, both Enamic and zirconia 
abutments may be indicated for use in the posterior area.  However, Enamic showed 
minimum changes after fatigue in contrast to zirconia.53 In addition, Enamic restorations 
showed flexural strength, elasticity and hardness that similar to tooth structure. 61 41  
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  The fracture toughness test of IPS e.max CAD was done in this study in order to 
provide an explanation for earlier result that showed the failure load of IPS e.max CAD 
increased after cyclic fatigue for 50,000 cycles. We assumed that as the failure load 
increased after 50,000 cycles, the fracture toughness might increase as well due to the 
changes in the microstructure. However, the results showed no significant difference in 
fracture toughness of IPS e-max CAD before and after cyclic fatigue.  The mean fracture 
toughness of IPS e-max CAD before and after cyclic fatigue is 1.41 MPa m1/2and 1.42 
MPa m1/2 ,  respectively. This could be explained by crystalline content (70 vol.%) that 
resist the crack growth during the fatigue.  
Sonmez et.al. showed fracture toughness of IPS e.max CAD did not alter after 
thermocyclic fatigue. 41 This in consistent with our results. However, Wang, et.al. showed 
the cyclic fatigue has a negative effect on the fracture toughness of lithium disilicate. 52 
This inconsistent with our study may be due to the difference in the tested materials. 
They tested IPS e.max Press while we tested IPS e.max CAD. The difference in 
manufacture technique and size of the crystal between the two materials could be the 
reason. IPS e.max CAD manufactured with pressure casting process to reduce any 
microstructural defects while IPS e.max Press manufactured with sintering process.  IPS 
e.max CAD has smaller crystal size (0.2-1 μm) than the IPS e.max Press (3-6 μm). 62 
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Limitations: 
1.Single operator. 
2.The oral condition is difficult to replicate with in-vitro studies. 
3.The mastication mechanism was not tested. 
4.Uncontrolled ambient temperature during cyclic fatigue test.  
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CHAPTER 6: CONCLUSION 
Within the limitation of this study, the following can be concluded: 
1. The failure load of IPS e-max CAD screw-retained implant crown is higher than 
Vita Enamic screw-retained implant crown. 
2. There is a significant difference in failure mode between IPS e-max CAD screw-
retained implant crown and Vita Enamic screw-retained implant crown. 
3. The screw-retained implant crowns sealed with composite had higher failure load 
than those sealed with Enamic inlay. 
4. There is a significant difference in failure load of  IPS e.max CAD screw-retained 
implant crowns at static and after cyclic fatigue.  
5. There is no difference in failure load of  Vita Enamic screw-retained implant crowns 
at static and after cyclic fatigue.  
6. There is a significant difference in failure load of IPS e-max CAD /Zr abutment and 
Vita Mark II/ Enamic abutment cement-retained implant crowns at static and after 
cyclic fatigue. 
7. There is no difference in failure load of  Vita Enamic/ Zr abutment cement-retained 
implant crowns at static and after cyclic fatigue.  
8. The zirconia abutments have higher failure load than Enamic abutments. 
9. There is no significant difference in fracture toughness of IPS e-max CAD before 
and after cyclic fatigue. 
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